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INTRODUCTION 
Herpesviridae is a family of DNA-containing viruses that have a 
similar morphology, but a wide host range varying from man to lower 
vertebrates (reptiles, fish, and amphibians) or even to more primitive 
eukaryotic organisms (fungi). The viruses differ from each other anti-
genically and biochemically (proteins and DNA). They give rise to a 
wide variety of disease syndromes. The bovine herpesviruses especially 
are associated with a diversity of clinical disease unmatched by any other 
group of viruses affecting cattle. 
The attention given to the study of bovine herpesviruses is based 
upon the large economic importance of the diseases caused by these agents, 
rather than upon their contribution to the understanding of the molecular 
biology and infection mechanisms of Herpesviridae. Actually, the studies 
of the basic features of the genomes, antigens, proteins and antigenicity 
of bovine herpesviruses are relatively new. 
The emergence of the economic significance of infections with bovine 
herpesviruses was simultaneous with the development of more intensive 
systems of animal production. Infectious bovine rhinotracheitis and 
bovine herpes raammillitis are two examples of relatively new diseases 
recognized in industralized countries since the 1950s. Under more tradi­
tional and extensive systems of livestock production in many developing 
countries, the infections caused by bovine herpesviruses rarely have been 
of significant importance or merely have gone unrecognized. 
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During the last two decades there has been a significant increase 
in the veterinary diagnostic services. This has brought standard viral 
isolation and detection techniques to many areas around the world. As a 
consequence, the list of herpesviruses originating from cattle has been 
expanded considerably. A large number of isolates recovered from diverse 
clinical syndromes as well as from clinically normal cattle were classified 
together with little knowledge of their relationship or their pathogenic 
role. Many of these isolates are strongly cell associated, making sero-
neutralization assays difficult. Also, some other isolates are poor 
inducers of neutralizing antibodies. All of this, in addition to a 
limited sensitivity of the standard seroneutralization assays in use, 
restricted the amount of information available regarding the serological 
cross-reactivity and critical comparison of many of these isolates. At 
the same time, diverse taxonomic criteria applied by different authors, 
led to different numerical classification systems. The simultaneous use 
of different numbers (BHV-3, 4, and 5) for the same virus in different 
references (Smith, 1977; WHO/FAO, 1976; Gibbs and Rweyemamu, 1977a,b; 
Straub, 1978; Roizman et al., 1981; Ludwig, 1983) caused confusion in the 
classification and grouping of bovine herpesviruses. 
The first purpose of this work was to review the grouping of herpes­
virus isolates of North American origin by genomic and serologic comparison 
and to define unequivocally the biotype of each strain. Through the kind 
cooperation of the National Veterinary Service Laboratories, U.S.D.A., 
Ames, Iowa, I was able to include in the comparison the only major biotype 
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of bovine herpesvirus nonprevalent in U.S. domestic livestock, African 
Malignant Catarrhal Fever Virus (Plowright, 1968). 
The second objective of this work was the further characterization 
of the biological properties of some of these newly defined groups of 
bovine herpesviruses. A particular emphasis was given to the study of 
the host-parasite relationship established by the "Movar" group type of 
bovine herpesvirus, also referred to as Bovine Herpesvirus-3 (Roizman 
et al. , 1981), or as Bovine Herpesvirus-4 (WHO/FAO, 1976; Straub, 1978), 
or as Bovine Herpesvirus-5 (Smith, 1977). This group is composed of a 
series of ubiquitous agents with an ill-defined pathogenic role. During my 
M.S. thesis research, we studied the features of the persistent experimental 
infection with this group of viruses and determined that these agents have 
the ability to persist in lymphoid tissue of the natural host (Osorio and 
Reed, 1983). Recently, Storz et al. (1984) proposed the Movar type of 
bovine herpesviruses as the bovine cytomegalovirus candidate 
The fact that diverse isolates of the Movar viruses were related 
to a variety of protean clinical manifestations (Straub, 1978) as 
well as the fact that they can establish long-term persistent infections 
in the natural host (Osorio and Reed, 1983), suggests their possible role 
as opportunistic pathogens. The importance of the Movar viruses in bovine 
disease may become apparent only when they are considered along with the 
multiple sources of animal stress in modern livestock production. The 
inoculation of laboratory rabbits with the Movar virus mimics the infection 
in the natural host (Osorio et al., 1982). This allowed us to address in 
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an animal model the characterization of the lymphoreticular cell that 
constitutes the target for the acute and persistent infection by the 
bovine cytomegalo-like virus. The results of these experiments will mark 
the future trends of research in the pathogenesis of Movar viruses in 
the natural host. 
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Explanation of Disseration Format 
This dissertation consists of an introduction, a literature 
review, two separate manuscripts, two appendices, a general conclusion 
and a list of references. The doctoral candidate, Fernando Abel Osorio, 
is the senior author and principal investigator for each of the 
manuscripts. 
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LITERATURE REVIEW 
The Grouping of Bovine Herpesviruses 
McKercher (1973), in the first systematic review published on 
herpesviruses of veterinary importance, used the terms bovine herpesvirus-1; 
infectious bovine rhinotracheitis -infectious pustular vulvovaginitis 
virus (IBR-IPV), and bovine herpesvirus-2; bovine herpes mammillitis 
virus (BHMV) to denominate these two well-known herpesviruses of cattle. 
The Herpesvirus Study Group of the International Committee on 
Taxonomy of Viruses (ICTV) included the malignant catarrhal fever virus 
(MCFV) and the virus of ovine pulmonary adenomatosis (Verwoed et al., 1979) 
within the Bovid herpesvirus group and called them Bovid herpesvirus 1, 2, 
3, and 4 respectively (Roizman, 1973). At that time, this Study Group 
suggested that all herpesviruses should be named according to the taxonomic 
unit (the family, i.e., Bovid) of the hosts. Smith (1977), following 
this family-based pattern, proposed the designation Bovid herpesvirus-5 
for a group of isolates serologically related to the European strain 
Movar 33/63 (Movar group) (Bartha et al., 1966) for which no relationship 
to the previously known bovine herpesviruses had been demonstrated. 
Simultaneously, other authors referred to this Movar group as bovine 
herpesvirus-3 (Gibbs and Rweyemamu, 1977b). The rationale for this 
conflicting classification was that these authors did not include in their 
listing the virus of malignant catarrhal fever as a herpesvirus of cattle, 
as they considered that agent to be mainly a virus from wildebeest and 
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other Alcelaphinae. These authors declined to use the family of the 
host to name the herpesviruses of cattle, as they considered it inconvenient 
in that most of the mammalian families are extremely diverse (i.e., Family 
Bovidae includes 128 species). 
The Consultation on the WHO/FAO Programme on Comparative Virology, 
held in 1976 (WHO/FAO, 1976), although deciding nothing conclusive about 
herpesvirus naming and classification, provided a tentative working list 
of the herpesviruses of cattle. The WHO/FAO list refers to the host's 
family for the naming of the herpesviruses of cattle and recognizes 
4 antigenically different types of bovine herpesviruses: bovid herpes-
virus-1 (IBR-IPV), bovid herpesvirus-2 (BHMV), bovid herpesvirus-3 (MCFV), 
and bovid herpesvirus-4 (Movar group). No reference is made by WHO/FAO 
to the small ruminant herpesviruses. 
In the last published report of the Herpesvirus Study Group of the 
ICTV (Roizman et al., 1981), it is stated that the naming of herpesviruses 
after the host's family creates a more manageable number of groups, but 
presents particular problems for viruses of hosts belonging to large 
families, as is the case for Bovidae or for non-human primates. 
Consequently, the group recommended that the subfamily name be applied to 
viruses isolated from the family Bovidae and from primates, and that it is 
convenient to differentiate between the viruses of sheep, domestic cattle 
and wildebeest. 
The designation for ruminant herpesviruses recommended by the 
Herpesvirus Study Group is presented in Table 1. These recommendations 
* 
Table 1. Herpesviruses of cattle and other ruminants 
Virus 
Bovine herpesvirus 1 
Bovine herpesvirus 2 
Bovine herpesvirus 3 
Alcelaphine herpesvirus 1 
Alcelaphine herpesvirus 2 
Caprine herpesvirus 1 
Caprine herpesvirus 2 
Common names (synonyms) 
Infectious bovine rhinotracheitis ; 
Infectious pustular vulvovaginitis virus 
Bovine herpes mammillltis-Allerton virus 
Bovine 'orphan' herpesvirus; 'Movar' group; 
Non-syncytia forming herpesvirus ; "I" 
Bovine cytomegalovirus^ 
Malignant catarrhal fever virus of wildebeest 
Hartebeest herpesvirus 
Sheep herpesvirus 
Goat herpesvirus 
Taken from Roizman et al. (1981) with some additions. 
^Rweyemamu and Loretu (1973). 
îstorz et al. (1984). 
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are ignored by the most recent review of herpesviruses of cattle 
(Ludwig, 1983). The latter adheres to the scheme proposed by WHO/FAO 
(1976), and includes the sheep herpesvirus and the goat herpesvirus 
(Saito et al., 1974) as Bovid herpesviruses 5 and 6, respectively. 
Biochemical Characteristics of Bovine Herpesviruses 
The genomes of bovine herpesviruses 
Data obtained from different reports on biophysical and biochemical 
characteristics of bovine herpesvirus DNAs are summarized in Table 2. 
The DNA of IBRV has a guanosine plus cytosine (G+C) content of 72 
moles % (Plummer et al., 1969), which is similar to pseudorabies virus 
(Roizman et al., 1981). 
The restriction endonuclease map of BHV-1 DNA was determined by 
Mayfield et al. (1983). They concluded from their mapping data that the 
sequence arrangement of BHV-1 DNA resembles that of pseudorabies virus 
and equid herpesvirus-1 in that the genome of BHV-1 occurs in 2 isomeric 
molecular (Class D or 2) forms, with the short unique sequence occurring 
in both orientations relative to the long unique sequence (Fig. 1). 
They also calculated that the molecular weight of BHV-1 DNA as 88 x 10^ d. 
The biological differences of BHV-1 strains originating from the 
respiratory and genital tracts has been a controversial issue. It was 
reported earlier that no significant differences existed between IBR 
and IPV-originated strains (McKercher, 1973). However, Engels et al. 
Table 2. Physichochemical properties of DNAs of some ruminant herpesviruses 
Buoyant density 
in cesium chloride 
(g/cm3) 
Melting point G+C 
(TM°C) in 0.1 (%) 
X SSC 
Molecular 
weight 
(d.) 
Infectious bovine 
rhinotracheitis virus 
Bovine herpes 
mammillitis 
Malignant catarrhal 
fever virus 
Movar group 
Sheep herpesvirus 
Goat herpesvirus 
1.730 
1.723^ 
1.710-1.730 It 
NA 
1.706 
1.729 
** 
tt 
85.6 
g 
NA 
NA 
NA 
§ §  
NA 
84.5 tt 
71.5 
63.5 
NA 
NA 
46.5 
70 tt 
88 X lO^Î 
88 X 10^1 ' 
NA 
76 X 10 
67 X 10 
84 X 10 
6# 
6** 
6tt 
t 
Russel and Crawford, 1974. 
Ludwig et al., 1972. 
f'Mayfield et al., 1983. 
Il 
IT 
i. 
** 
I 
tt 
] 
§ §  
Martin et al., 1966 
Buchnan and Roizman, 1978. 
Herring et al., 1983. 
Ludwig, 1983. 
De Villiers, 1979. 
Engels et al., 1983. 
NA: not available. 
Class 1 
(one isomer) O-
Class 2 
(two isomers) 
It-
Class 3 
(four isomers 
'lib-
<-
Channel cat fish virus M 
Herpesvirus saimiri 
Pseudorabies virus 
Herpes simplex virus - 1 
a 
L = Long unique sequence S = short unique sequence 
a,b,c,d: redundant sequences a',b',c',d' = their complementary counterparts 
From Honess and Watson (1977) [as cited by Becker (1983)] and from Roizman et al. (1981). 
Fig.1. Classification of herpesvirus genomes on the basis of content and arrangement 
of unique and redundant nucleotide sequences 
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(1981) described definite differences between the genomes of infectious 
bovine rhinotracheitis and infectious pustular vulvovaginitis strains 
as detected by the use of restriction endonuclease analysis. They 
demonstrated that both field isolates and attenuated strains coming from 
different clinical syndromes could be assigned to an IBR-like or IPV-like 
group pattern. Isolates from clinical cases of infectious bovine rhino­
tracheitis, conjunctivitis, encephalitis, and abortion fall into the 
IBR-like pattern. Isolates from clinical cases of infectious pustular 
vulvovaginitis or attenuated vaccine strains originating from IPW showed 
the IPV-like DNA pattern. 
In a recent report by Misra et al. (1983), 93 BHV-1 isolates were com­
pared by restriction endonuclease finger-printing. The isolates were from 
different areas of Canada, as well as from the U.S. and Europe. They 
had been collected from cases of upper respiratory tract infection, 
pneumonia, abortion, enteritis, rumen ulceration, paralysis, and con­
junctivitis. The restriction endonuclease analysis indicated that these 
isolates could be categorized into three "strains" and nine "sub-strains", 
but the authors were unable to associate any of the strains with specific 
clinical signs. They concluded, in agreement with McKercher (1973), that 
the type of disease caused may be determined more by the route of infection 
and animal management practices than by the inherent properties of certain 
types of BHV-1. They also observed that there is a consistent prevalence 
of only one biotype in a given geographical area. Mayfield et al. (1983) 
found that there is a 5% overall base sequence difference between the 
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so-called strains type I and III as defined by Misra et al, (1983). 
The genome of bovine herpes mammillitis virus has a G+C content of 
63-64 moles % (Martin et al., 1966). The DNA of BHV-2 has a high degree 
of homology (15%) with Herpes Simplex Virus 1 DNA (Sterz et al,, 1973-74). 
Buchman and Roizman (1978) determined the sequence arrangement and 
restriction-endonuclease maps of BHV-2 and found that both viruses possess 
inverted repetitions at the end of the molecules and at the junction 
between the long and short components (Fig. 1). The genetic relationship 
correlates with a strong serological cross-reactivity (Sterz et al,, 
1973-74) based in glycoprotein (A/B) (Pauli and Ludwig, 1977), mapping at 
0.3-0.4 map unit on HSV-1 DNA (Ruyechan et al., 1979). As a result of these 
observations, it has been speculated that this locus has been conserved 
during the evolutionary divergence of HSV-1 and BHMV (Ludwig, 1983). 
The malignant catarrhal fever virus has a genome with an estimated 
molecular weight of approximately 80 x lO^d (by the addition of the molec­
ular weights of individual fragments resulting from restriction ando-
nuclease digestion) (Ludwig, 1983). DNA from purified MCF virions gives 
2 components in CsCl density of 1.730 (Herring et al., 1983). Restriction 
endonuclease cleavage of both peaks of DNA showed that the major component 
produced both discrete fragments and a high MW band which migrates as a 
smear. This would indicate that MCFV DNA is similar to other lymphotropic 
herpesviruses with respect to the existence of repeated sequences of vari­
able length flanking the unique coding region (Herring et al., 1983) 
(Fig. 1). 
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Storz et al. (1984) recently proposed the classification of the 
"Movar-type" group of viral isolates as bovine cytomegaloviruses based on 
ultrastructural studies of morphogenesis. The genomes of these strains 
were shown to have very similar cleavage sites when treated with different 
molecular weight viral DNA of the "Movar-type" strains of 75 x lO^d 
whereas Sterz et al. (1984) cites unpublished data of Ehlers and Gelderblom 
according to which the final estimated molecular weight (by restriction 
endonuclease analysis) of these isolates would be 95 x lO^d. The apparent 
conflict between these authors originates in the different values assigned 
to the final molar ratio of one DNA segment which is in the range of 200 
to 2800 base pairs. This DNA fragment, which presents a high molar ratio 
is characteristic of the digestion of Movar-type virus DNA with several 
endonucleases. This feature has been interpreted as resembling a genome 
structure similar to that of Herpesvirus saimiri, with a high proportion 
of the genome having tandem reiterations of the same sequences (Sterz 
et al., 1984). 
Ludwig (1983) showed that the cleavage pattern of Movar-type 
isolates recovered from clinical cases of MCF differed completely from 
that of MCFV. Sterz et al. postulated that multiple infections with herpes­
viruses could coexist in cattle affected with MCF in Europe and North 
America (1984). 
De Villiers (1979) studied the DNA of the sheep herpesvirus associated 
with "jaagsietke" (caprine herpesvirus-1). The molecular weight calculated 
by analytical ultracentrifugation seems to be very low: 67 x lO^d, with 
a G+C content of 46.5%. 
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The DNA of the goat herpesvirus (caprine herpesvirus 2) was studied 
by Engels et al. (1983). The molecular weight of this DNA, based on 
electron microscopy length measurement is 90. x lO^d. Although the goat 
herpesvirus shares many biological and physicochemical properties with 
BMV-1, they can be differentiated by DNA restriction endonuclease analysis 
(Engels et al., 1983). 
The proteins and antigens of bovine herpesviruses 
Studies on bovine herpesvirus specific proteins are only advanced 
in the area of BHV-1 and BHV-2. Misra et al. (1981) identified forty-
eight virus specified polypeptides, with thirty-three of them present in 
the virion and eleven of these being glycosylated. One of the envelope 
glycoproteins, of 71,500 molecular weight, was reported to be important 
in "eliciting antibodies that are active in immunocytolysis of BHV-1 
infected cells (Misra et al., 1981). Lum (1984) found that 4 BHV-1 
envelope glycopaptides (Ml-J^: 77,000, 82,000, 69,000 and 108,000) 
are involved in inducing anti-BHV-1 serum neutralizing antibodies. 
Pastoret et al. (1980) described slight differences in molecular weight 
between proteins of IBRV and IPW. 
Killington et al. (1977) compared the structural proteins of BHV-2 
with four other herpesviruses. They found that many BHV-2 polypeptides 
co-migrate with those of Herpes Simplex virus and that BHV-2 glycopaptides 
migrate in three molecular weight ranges. 
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No information is available on proteins specified by all of the 
other types of bovine herpesviruses. This may be due in part to cell-
association and slow growth, which make labeling of viral proteins and 
purification a difficult task (Ludwig, 1983). 
Serological Identification of Bovine Herpesviruses 
In the case of BHV-1 and BHV-2, the neutralization test is the 
preferred method for serological identification and comparison of the 
strains. 
Various reports conclude that BHV-1 isolates from different clinical 
entities can not be differentiated on the basis of neutralization tests 
(Gillespie et al., 1959; Bowling et al., 1969). The strains of BHMV 
including isolates from Africa, Britain, Italy, and North America are 
closely related immunologically (Gibbs and Rweyemamu, 1977b). Cilli and 
Castrucci (1976) detected minimal variations among strains of BHV-2 
from different countries by cross-protection tests in cattle. 
The MCFV strains seem to be very homogeneous (Plowright, 1968). 
Serological identification is done by neutralization, immunodiffusion, 
immunofluorescence or complement-fixation (Rossitter, 1980; Ferris et al., 
1976). 
The Movar-type bovine herpesviruses are characterized by induction 
of low avidity neutralizing antibodies and this makes it difficult to 
compare the different strains by neutralization. In spite of this. 
Smith defined the group by neutralization (1977), although the technique 
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used for this comparison was never published. Indirect immunofluorescence 
was used successfully to demonstrate relationship among strains of 
Movar-type group (Reed et al., 1977; Sterz et al., 1984). 
Serologic Cross Reactivity of Bovine Herpesviruses 
Cross-neutralization is not demonstrable between BHV-1 and BHV-2 
(Martin et al., 1966; Castrucci et al.» 1972) and neutralization tests of 
MCFV have been performed only in the homologous system (Rossiter et al., 
1977). There is cross-neutralization between BHV-1 and goat herpesvirus 
(Saito et al., 1974; Engels et al., 1983). These 2 viruses share antigenic 
determinants on the virion surface. In each case, the homologous neutral­
ization test (IgG - mediated, complement independent) is considerably 
stronger than the heterologous titer (Engels et al., 1983). The goat 
herpesvirus, however, does not crossreact with other herpesviruses or 
with HSV-1, HSV-2, B virus, or canine and feline herpesviruses (Ludwig, 
1983). 
Rossiter et al. (1977) reported slight cross-reactivities between 
BHV-1 and MCFV using fluorescent antibody techniques but others have 
failed to yield detectable cross-reactivity between these 2 viruses by 
complement-fixation tests (Sterz et al., 1973-74) and immunofluorescence 
(Ludwig, 1983). Heuschele (1983) has found that antibodies to BHV-1, 
BHV-2 and Movar-type herpesviruses will cross-react with MCFV by immuno­
fluorescence. This cross-reactivity was not detectable by the 
neutralization test. 
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Some information indicates that BHV-1 and equine herpesvirus-1 
present some degree of cross-reactivity (Blue and Plummer, 1973) and 
that BHV-1, Marek's disease virus, and Epstein-Barr virus, share common 
antigenic determinants (Evans et al., 1972). 
We have already mentioned a clear immunological relationship among 
BHV-2, herpes simplex virus and B virus (Sterz et al., 1973-74; 
Killington et al., 1977; Castrucci et al., 1981). 
Biological Properties of Bovine Herpesviruses 
In vitro growth curves and cytopathic effects 
BHV-1 and goat herpesvirus produce rapid cytopathic effect, reaching 
maximal titers at approximately 1 day postinfection (Gibbs and Rweyemamu, 
1977b; Engels et al., 1983). Both viruses have a broad host-cell range. 
BHV-2 reaches lower titers than BHV-1 and replicates more slowly, 
but it is still a highly cytolytic virus, with a relatively rapid cyto­
pathic effect. MCFV is a lymphotropic gamma herpesvirus, and as such is 
restricted in its ^  vitro replication range. Only the laboratory 
strains can be assayed for infectivity in bovine cells (Plowright, 1968; 
Patel and Edington, 1980). 
The Movar group bovine herpesviruses replicate considerably slower 
than the lytic BHV-1 and BHV-2. Movar-like viruses replicate optimally 
in cells of bovine origin, but also replicate in unestablished cell 
cultures of sheep, goat, dog, cat, rabbit, pig, and chicken kidney 
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(Gibbs and Rweyemamu, 1977b) . 
BHV-1 infection of cell culture monolayers results in rounding of 
cells with fusion of cells limited to specific strains (Gibbs and 
Rweyemamu, 1977b). All of the BMHV and the MCFV strains cause extensive 
syncytium formation. The Movar group strains cause slow degeneration 
of cells, and clumps of rounded cells detach from the monolayer, but 
no polykaryocytosis is evident (Rweyemamu and Loretu, 1973; Gibbs and 
Rweyemamu, 1977b). Rweyemamu and Loretu (1973) suggested resemblances 
between the Movar group of bovine herpesviruses and some strains of 
human cytomegalovirus. They performed growth curve studies which indicated 
a degree of cell association throughout the replication cycle. Toth 
and Wynia (1983) confirmed this cell association and indicated that 
these cultural characteristics would place the Movar group of bovine 
herpesviruses within the subfamily Betaherpesvirinae of slowly replicating 
members, which includes murine and human cytomegalovirus. 
BHIW infected cell cultures produce low amounts of typically enveloped 
virions, but significant amounts of nonenveloped structures similar to 
cytomegalovirus dense bodies (Ludwig, 1983). Sterz et al. (1984) described 
large membrane-bound accumulations of virions in the cytoplasm of cells 
infected with Movar-type viruses. Another significant characteristic 
was the development of electron-dense inclusions in the cytoplasm at 
48-72 hours PI. These inclusions, which were not detectable by light 
microscopy, consisted of an amorphous electron-dense substance, granular 
fibrils, viral capsids with and without cores and enveloped viruses 
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(Storz et al., 1984). Because of these morphogenesis features, Sterz 
proposed the Movar group of bovine herpesviruses as the bovine cyto­
megalovirus candidate (Sterz et al., 1984). 
Two isolates from lymphosarcomatous cattle (Van der Maaten and 
Boothe, 1972) produced large syncytia on passage in bovine embryonic 
spleen cell cultures. These isolates, which were shown to be avidly 
cell-associated, have not been fully characterized, and they have been 
provisionally classified within the Movar group of bovine herpesviruses 
(Gibbs and Rweyemamu, 1977b). 
In vivo characteristics of bovine herpesviruses 
The spread of herpesviruses through the body can occur via hematogenous 
or neural routes (Mims, 1982a). MCFV was the classical example of a 
bovine herpesvirus which persists in the host in a viremic state for long 
periods of time. The association of MCFV with whole blood allows the 
transmission of the disease by blood transfusion (Plowright, 1968). 
Recently, it was demonstrated that the Movar group of viruses have 
the ability to persist for life-long terms in a cell-associated viremic 
state and in lymphoreticular tissues (Osorio and Reed, 1983). Also, the 
lymphosarcoma-associated syncytial isolates persisted in chronic viremic 
states in experimentally inoculated cattle (Van der Maaten and Boothe, 
1972). 
In BHV-1 infections, the virus is excreted from the portal of entry 
(Kahrs, 1977). It has also been recovered during the early postinfection 
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period from buffy coat cells, with antigen detected in mononuclear cells 
(Narita et al., 1978; Nyaga and McKercher, 1980). Viremia has not been 
detected in BHV-2 infections, although this kind of viral dissemination 
has always been suspected (Gibbs and Rweyemamu, 1977b). 
BHV-1 and MCFV can penetrate the central nervous system (Gibbs 
and Rweyemamu, 1977a,b). Spread to the central nervous system may be 
via neural or hematogenous routes (Kahrs, 1977). Ascending infection 
with BHV-1 through peripheral nerves, involvement of trigeminal ganglion 
and nonsuppurative encephalitis have been demonstrated (Narita et al., 
1978). These authors also showed that vulvar infection with IBRV resulted 
in lesions of the sacrolumbar spinal cord and ganglia, as well as trige­
minal ganglia. They concluded that both neural and hematogenous spread 
took place. 
Some of the bovine herpesviruses have a well-defined target cell 
or tissue. In the respiratory tract, BHV-1 has a high tropism for the 
tracheal mucosa, with a direct effect of microvilli loss and cilia 
denudation (Allan and Msolla, 1980). In the genital tract, BHV-1 also 
infects epithelial cells (Khars, 1977). In the central nervous system, 
Narita et al. showed virus replication in ganglia, neuroglia and Schwann 
cells. 
BHMV destroys cells in the dermis, particularly the ones in 
germinativum and spinosum strata (Cilli and Castrucci, 1976; Gibbs and 
Rwey emamu, 1977b). 
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MCFV infection takes place in medium-sized lymphocytes after 
experimental infection (Edington and Patel, 1981). Recent pathogenesis 
studies in experimentally infected rabbits clearly demonstrate that 
T lymphocytes are involved in the lymphoproliferation (Rossiter, 1983). 
The type(s) of cell involved in the ^  vivo replication of the 
Movar group of viruses has not been identified. Long term persistent 
infection in association with lymphoreticular tissues was shown in both 
cattle and experimentally inoculated rabbits (Osorio et al., 1982; 
Osorio and Reed, 1983). 
The goat herpesvirus replicates preferentially in epithelial cells 
of the digestive tract (Engels et al., 1983). 
Persistence, Latency, and Reactivation of Herpesviruses 
The herpesviruses have the ability to persist in the host's tissues 
for many years after the initial infection. There are at least 3 
mechanisms of viral persistence in the host (Jordan, 1983): 1) slowly 
progressing, indolent infections that produce tissue injury and eventual 
organ disfunction (e.g., scrapie or subacute sclerosing panencephalitis 
caused by measles virus); 2) chronic, replicating, cytolytic infections 
that are subclinical with little or no organ function impairment; and 
3) latent infections in which the virus persists in a nonreplicating 
state or at an undetectable, possibly intermittent, level of replication 
(Fenner, 1974; Stevens, 1978). 
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Some herpesviruses like cytomegalovirus and Epstein-Barr virus may 
be shed in oropharyngeal secretions for prolonged periods of time during 
convalescence from illness or as a manifestation of subclinical infection 
(Ho, 1981). Cytomegalovirus also may be shed in urine for months without 
symptoms (Weller, 1971) and herpes simplex virus may appear in oral 
secretions with no concomitant clinical consequences (Stevens, 1978). 
All of these cases of viral persistence constitute examples of subclinical 
viral infection. 
Latent infection may be defined as persistence in tissue or body 
fluids of virus which cannot be detected by conventional cell-free 
(e.g., homogenate) assays. The virus nevertheless persists, as indicated 
by other evidences (e.g., DNA hybrydization, or cell-associated viral 
assays) (Jordan, 1983). 
The herpesviruses have long been considered the classic examples 
of latent viruses. The herpesviruses have been divided (Stevens, 1978) 
into three subgroups according to the tissue harboring latent viruses: 
neurotropic herpesviruses - those that are associated principally or 
exclusively with nervous tissue (e.g., herpes simplex virus, varicella-
zoster virus, pesudorabies virus, etc.); lymphotropic herpesviruses, 
which are those that persist in association with lymphoid tissue 
exclusively (e.g., Epstein-Barr virus) or principally (e.g., cyto­
megaloviruses) and herpesviruses with tropism for epithelial surfaces 
(e.g., Lucke's carcinogenic virus of frogs). 
24 
Association of herpesviruses with nervous tissue 
Herpes simplex virus is a well studied member of the neurotropic 
group (Stevens, 1978). The latent infection established by herpes simplex 
virus appears to be specific for nervous tissue. After inoculation of 
large doses of virus intravenously, only nervous tissue was found to 
harbor the latent virus (Stevens, 1978). Viral genetic information can 
be found only in neurons when iii situ hybridization techniques are applied 
to latently infected ganglia (Stevens, 1975). The ganglionic location 
of latent herpes simplex virus was predicted by Goodpasture in 1929 
(Goodpasture, 1929) and confirmed experimentally in mice 42 years later 
by Stevens and Cook (1971). 
The ganglionic colonization by herpes simplex virus is the consequence 
of virus replication in mucocutaneous surfaces. From the site of the 
primary infection, the virus colonizes the corresponding sensory ganglia, 
migrating along the nerves (Stevens and Cook, 1971) and sometimes also 
through the hematic and lymphatic routes (Cook and Stevens, 1976). 
Infectious virus, which is detectable by cell-free (homogenate) assays, 
persists in the ganglia for a limited time, and, (provided a further 
encephalitic complication does not occur) the host organism survives and 
becomes a carrier of a latent viral infection (Stevens, 1978). 
It is apparent that some viral functions, such as the synthesis of 
the immediate early protein VP 175 (Watson et al., 1980) and of viral 
thymidine kinase (Tenser and Dunstan, 1979), are necessary for the 
establishment and maintenance of latency, but synthesis of viral DNA 
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is not essential (Watson et al., 1980). During the latent stage 
infectious virus cannot be isolated from cell-free ganglia homogenates, 
but viral mRNA, enzymes, and antigens can be detected in the sensory 
ganglia of some host organisms during that period (Green et al., 1981). 
Just as the absence of infectious virus in ganglia homogenates of 
persistently infected hosts defines operationally the latent phase of 
herpes simplex infection, the detection of infectious virus in these 
homogenates indicates that a process of reactivation has been initiated 
(Klein, 1982). The process of reactivation is associated with asymptomatic 
virus shedding at the mucocutaneous surfaces with or without the develop­
ment of recurrent lesions at the site of primary infection (Stevens et al., 
1972). 
Different reactivating factors may act directly or indirectly on 
the latent virus. Factors acting on the skin (UV light, trauma, etc.) 
may mediate the reactivation process through an increased synthesis of 
local hormones, mainly prostaglandins (Hill and Blyth, 1975). This 
"skin-trigger" hypothesis elaborated by Hill and Blyth (1976) fails to 
explain the mechanism of action of reactivating agents which do not act 
upon the skin, such as emotional factors or physiological stress. The 
true nature of reactivation with the latter factors remains to be seen 
(Klein, 1982). 
The latent infections with neurotropic herpesviruses, once established, 
persist for life-long terms. Klein (1982) elaborated a thorough approach 
to the factors that control the permanence of latency with herpes simplex 
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virus. This is represented in Fig. 2. According to Klein, the 
permanence of latency is controlled by several factors, such as the 
number of neurons which become latently infected after primary infection 
and the number of neurons in which reactivation occurs during each 
recurrent episode. The duration of the latent infection is also 
dependent on the fate of the neuron after reactivation (e.g., if there 
is survival or cell death) and on the possibility of establishing new 
sets of latently infected neurons after each recurrent episode ("round-
way trip": latent neuron - skin recurrent lesion - new neurons involved -
new latent neurons - . . .). Likewise, Klein states that the same 
factors, when working in the opposite direction, may lead to a spontaneous 
clearance of the neuron from the latent herpesvirus (Fig. 2 ). 
The latent virus is not affected by antiviral drugs, and, according 
to Field and Wildy (1978) "the attempts to eradicate the latent infection 
during the quiescent state phase are likely to be fruitless". Klein 
et al. (1978) observed that mice with an established latent infection 
are resistant to subsequent challenge inoculation at the site of primary 
infection. This would indicate that latently infected ganglia cannot be 
reinfected. This originated the idea that a long-lasting protection 
of ganglia against latency could be achieved by colonization of ganglia 
with latency-negative mutants (Field and Wildy, 1978). In this respect. 
Field and Wildy (1978) showed that TK - (thymydine kinase negative) 
mutants have a highly reduced ability to induce latent infections. A 
TK-mutant which is latency-negative, non-pathogenic, with no cell-
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Fig.2. Maintenance of the latent Infection of herpes simplex virus-1 in sensory ganglia, 
taken from Klein (1982). 
27 
transformation abilities (i^ vitro) and capable of protecting against 
an otherwise fatal infection with virulent herpes simplex virus, has 
been described by Klein (1982) as being a firm candidate for a live 
attenuated HSV vaccine. 
Bovine herpesviruses and neurotropism The understanding of 
the biology of latent bovine herpesviruses is at an embryonic stage as 
compared with the information available on herpes simplex virus. The 
latent infection of cattle with bovine herpesvirus-1 is well-known 
(Davies and Carmichael, 1973). BHV-1 can be early and very quickly 
induced to multiply and be excreted from naturally or experimentally 
infected cattle after treatment with corticosteroids (Sheffy and Davis, 
1972). 
Using an expiant culture procedure, Roman and Easterday (1980) 
isolated BHV-1 from the trigeminal ganglia of clinically normal cattle. 
In addition, these authors have demonstrated the presence of BHV-1 DM 
in neurons of the trigeminal and superior cervical ganglia of persistent 
infected cattle (Homan and Easterday, 1983) by situ hybridization. 
Rock and Reed (1982), working with an experimental model of BHV-1 
persistence in rabbits, determined that persistent infection with BHV-1 
is consistently obtained following conjunctival inoculation of the virus 
Spontaneous reactivation of BHV-1, with and without recrudescence of 
ocular lesions, was observed in these rabbits. Finally, BHV-1 was 
isolated from the trigeminal ganglia of persistently infected rabbits 
(Rock and Reed, 1982). 
28 
Bovine herpes mammillitis virus is assumed to remain latent, but 
attempts to reactivate the virus have not produced consistent results 
(Ludwig, 1983). Martin and Scott (1979) recovered BHMV from reactivated 
skin lesions after corticosteroid treatment of persistently infected 
cattle, however, the site of virus latency was not examined. Other 
attempts to recover BHMV from skin and from nervous tissue of convales­
cent cattle were unsuccessful (Probert and Povey, 1975; Turner et al., 
1976; Castrucci et al., 1978). 
A thorough attempt to recover latent BHMV from seropositive abattoir 
cattle was negative (Letchworth and Carmichael, 1982). In this experi­
ment, latent BHMV was sought in sensory ganglia, epithelial surfaces, and 
lymph nodes. Treatment of some of those animals with corticosteroids 
prior to slaughter, did not have any effect on the BHMV rescue. However, 
dexamethasone treatment successfully reactivated BHMV in cattle infected 
6 months before the treatment (Castrucci et al., 1982). In this experi­
ment, BHV-2 was recovered from nasal swabs obtained from each animal 
11 days after the start of dexamethasone treatment. Virus was also 
isolated from the skin, nervous sytem (sensory ganglia, cerebrum and 
spinal cord) and lymph nodes. Histopathological changes were first 
detected in the skin. The authors concluded, from all the previous 
results, that BHV-2 persists in the skin, and probably the nervous system 
(Castrucci et al., 1982). Contrastingly, dexamethasone treatment was 
effective in reactivating BHMV only in peripheral blood leukocytes of 
cattle, sheep and goats that have been experimentally infected by the 
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intravenous route (Wetsbury, 1981). There was no detectable recrudescence 
of skin lesions after corticosteroid treatment, nor was virus reisolated 
from animals inoculated intradermally. 
A recent study of Scott et al. (1984a) presents evidence that BHV-2 
can be recovered from skin lesions reactivated post-corticosteroid 
administration and not from the peripheral or central nervous system. 
Nevertheless, they observed infection of central nervous system and 
sensory ganglia during the acute stage of the infection. Scott et al. 
(1984a) interpreted their results as implicating only the skin as the 
site of BHMV latency. 
Association of herpesviruses with lymphoreticular tissues 
Gamaherpesvirinae (Epstein-Barr virus subfamily) and Betaherpes-
virinae (cytomegalovirus subfamily) present evidence of association with 
lymphoid tissues during persistent infection (Stevens, 1978). 
The Gammaherpesvirinae The Epstein-Barr virus (EBV) was 
initially found in a persistently infected lymphoblastoid cell line. 
These cell lines can be established from essentially any person with 
positive EBV serology, or by vitro infection of cultures of lymphocytes 
derived from seronegative individuals (Ho, 1981). These cell lines 
constitute immortalized cultures that carry the viral genome; all are 
characterized as being of B-cell origin. 
EBV can not be recovered directly from lymphocytes at the time 
they are taken from the infected individual. Viral replication takes 
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place only following the stress or derepression of ^  vitro cultivation 
(Epstein, 1982). However, two antigens, Epstein-Barr nuclear antigen 
(EBNA) and membrane antigen (MA), are present in latently infected 
cells examined directly after removal from the patient (Klein et al., 
1976). The different cell lines carrying the EBV genome differ in the 
degree to which the virus is expressed, ranging from a very limited 
expression to replication of infectious virus (Ho, 1981). 
The viral DNA of EBV exists in latently infected lymphocytes in 
2 forms: a circular, extrachromosomal plasmid of length equivalent to 
that of an intact EBV genome and an integrated form of unknown length 
(Adams and Lindhal, 1975). 
The infection and transformation by EBV of antibody-producing B 
cells results in a polyclonal expansion with many types of antibodies 
produced. The cells producing heterophil antibodies (to sheep or horse 
red blood cells) are always affected and this causes an increase of 
these antibodies in EBV-infected patients (Ho, 1981). 
A lymphoproliferatipn seems to be the pattern of all the members 
of the Gaimnaherpesvirinae subfamily. Lymphoproliferative disease is 
caused in non-human primates by several herpesviruses: herpesvirus 
papio (HVP) isolated from baboons with B cell lymphomas; herpesvirus 
saimiri and herpesvirus ateles, which cause latent infection and pro­
liferation of T cells of New World monkeys (Fleckenstein, 1979). 
In chickens, Marek's disease is a lymphoproliferative disease 
caused by a gammaherpesvirus. Soon after infection, Marek's disease 
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virus (MDV) replicates lytically in the lymphoid organs: thymus, bursa, 
and spleen (Payne et al., 1976). Birds recovering from this acute 
phase develop tumors in visceral organs and some of the chickens develop 
neurological lesions characterized by lymphoid infiltration of peripheral 
nerves (Payne et al., 1976). MDV persists in tumors, with viral rescue 
by co-cultivation of tumoral cells and DNA detected in tumors by 
hybridization (Nazerian et al., 1973). Ross et al. (1981) applied 
in situ hybridization to identify the type and proportion of cells 
harboring MDV in the tumors and peripheral nerves of infected chickens. 
They showed that most of the infiltrating leukocytes in peripheral nerve 
lesions were carrying MDV DNA. The initial nerve lesion is neoplastic 
and demyelination and paralysis are secondary to infiltration by infected 
leukocytes. 
It has been demonstrated that the vivo infection by MDV involves 
different subpopulations of lymphocytes. The B lymphocytes are supportive 
of a cytolytic infection, characterized by expression of virus internal 
antigens and concomitant thymic and bursal atrophy (Shek et al., 1982). 
la-antigen bearing, non-phagocytic, non-B lymphocytes are latently 
infected or transformed giving origin to lymphoblastoid cell lines 
(Shek et al., 1982). 
Malignant catarrhal fever is an infectious lymphoproliferative 
disease of cattle and some other ungulates, which occurs in two distinct 
forms. One form is caused by alcelaphinae herpesvirus 1 (Plowright, 
1968), and is identified as "wildebeest-associated" (or African) MCF, 
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referring to the natural host of this herpesvirus. The aetiology of 
the other form is unknown, and, as circumstantial evidence implies that 
the causal agent of this form of the disease is derived from sheep, 
it is referred to as the "sheep-associated" clinical form (Mushi and 
Rurangirwa, 1981). African MCFV is transmitted from wildebeest to 
cattle as cell-free virus shed in the secretions of young wildebeest 
calves but the disease is not contagious among cattle (Mushi and 
Rurangirwa, 1981). 
The site of primary replication of African-MCFV in rabbits was 
investigated by Edington and Patel (1981), using immunofluorescence. 
They found primary involvement of the red pulp of spleen, paracortical 
area of lymph nodes and the whole thymus. These locations, with the 
exception of the thymus, were also those in which lymphoblastic infiltra­
tion first occurred, and they suggested a primary and predominant involve­
ment of T cells (Edington and Patel, 1981). In vitro replication post-
axplantation of lymphoid organs of both rabbits and calves was seen to 
take place in medium-size (11-13 ym in diameter) lymphocytes (Patel 
and Edington, 1980, 1981). 
Rossiter (1983) found that the proliferating lymphoid cells in 
experimental MCF in rabbits were non-adherent, non-phagocytic cells 
carrying no surface immunoglobulin which had the ability to form E 
rosettes. They concluded that the proliferating cells were T lymphoblasts. 
No continuous, proliferating lymphoblastoid cell lines have been 
established to date from African MCF infected animals, but Reid et al. 
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(1983) isolated and cultured, from a rabbit experimentally infected 
with sheep-derived MCF, a population of large granular lymphocytes 
which had natural killer activity and transmitted disease. The authors 
suggested that infection of these cells with the MCF agent could cause 
a generalized immunological deregulation resulting in extensive lympho-
proliferation and tissue damage. Buxton et al. (1984) reported that 
the T cell proliferation associated with experimental (sheep-associated) 
MCF in rabbits is a benign, non-specific polyclonal response resulting 
from a possible malfunction of the large granular lymphocytes. Thus, 
they suggested that the animal's death arises from uncontrolled natural 
killer cytotoxicity. 
The lymphoreticular association of cytomegaloviruses The evidence 
that human cytomegalovirus (HCMV) establishes latent infection in humans, 
is largely indirect and circumstantial. Many investigators have reported 
HCMV infections post-transfusion. Multiple evidences incriminate HCMV as 
being transmitted by transfused leukocytes (Weller, 1971). Lang (1972). 
however, noted the possibility that antigenic stimulation resulting 
from transfusion of foreign leukocyte antigens activates preexisting 
HCMV endogenous to the recipient. Cytomegalovirus has been increasingly 
recognized as a cause of frequent and serious infection in recipients 
of organ grafts (mainly kidney or heart) (Ho, 1981). In this case, 
the virus may emerge either from endogenous sources in the recipient, 
coincident with immunosuppression or graft rejection, or from the 
transplanted organ. The available evidence indicates that people 
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who have circulating antibody to HCMV may develop active CMV infection 
under compromising situations, such as pregnancy, immunosuppressed 
states, and organ transplantation (Jordan, 1983). Severe clinical 
consequences are more likely in individuals without serologic evidence 
of previous HCMV infection (Weller, 1971). 
Continuous attempts have been made to demonstrate latent HCMV in 
human tissues. Most of the efforts have focused on circulating white 
blood cells. It was not always possible in those studies to obtain a 
clearcut differentiation between true latent HCMV activation from 
peripheral leukocytes and the demonstration of cell-associated viremia 
in systemic infections (Fiala et al., 1975; Rinaldo et al., 1977; 
Fiala and Chatterjee, 1982). Investigations of MCMV mononucleosis and 
of disseminated infections in the immunologically compromised host have 
produced controversial interpretations (Fiala et al., 1975; Rinaldo 
et al., 1977; Ho, 1981; Fiala and Chatterjee, 1982; Ho, 1982a). Most 
of the cases agree in the recovery of HCMV in high titers from the poly­
morphonuclear leukocytic fraction (Fiala et al., 1975; Rinaldo et al., 
1977; Fiala and Chatterjee, 1982) or in the detection of HCMV primarily 
in that fraction by molecular hybridization and electron microscopy 
(Martin et al., 1984). This association of HCMV with the polymorpho­
nuclear fraction was interpreted as an expression of the scavenger 
functions of these short-lived cells, which would pick up the HCMV from 
tissues (e.g., bone marrow) in which HCMV is reactivating and replicating 
(Rinaldo.et al., 1977). The electromicrographs of granulocytes carrying 
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HCMV, showing exclusively viral nucleocapsids within phagocytic vacuoles 
and not in the nucleus, would support the theory of the polymorpho­
nuclear phagocytic ingestion of HCMV from other cells undergoing lytic 
viral infection (Martin et al., 1984). 
In vitro studies of the HCMV interaction with leukocytes have 
indicated that HCMV induces early antigens of intranuclear location 
mostly in mononuclear phagocytic cells (Einhorn and Ost, 1984), with 
little or no involvement of polymorphonuclear cells. In fact, some of 
the studies of HCMV viremia ^  vivo report the isolation of HCMV in the 
monocyte fraction, concomitant with the isolation of the virus in the 
granulocyte fraction (Fiala et al., 1975; Rinaldo et al., 1977; Fiala and 
Chatterjee, 1982). 
At variance with the previous studies, the association of HCMV with 
peripheral T lymphocytes has been reported in patients with active 
mononucleosis. In one case HCMV antigens were detectable by the immuno-
peroxidase technique in the T dependent areas of biopsied lymph nodes 
(Abramowitz et al., 1982). In another case, HCMV was isolated by co-
cultivation of T cells of renal transplant patients known to be excreting 
the virus (Garnett, 1984). The problem of HCMV latency was also approached 
by sensitive molecular hybridization techniques. Pagano (1975) detected 
DNA of HCMV in leukocytes of bone marrow transplant recipients, by 
cRNA-DNA membrane hybridization. They detected very small amounts of 
genome copies per cell, and suggested a latent state. Roche et al. 
(1981) detected HCMV DNA by hybridization kinetics in colonic tissue 
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resected by surgery. Latency of HCMV in normal and diseased human 
colonic cells was suggested. 
The murine cytomegalovirus All the murine cells with immune 
functions are reported to be susceptible to MCMV. The spleen plays a 
key role in the infection by MCMV. Henson et al. (1972) were the first 
to demonstrate the close association of MCMV with spleen during acute 
and persistent infection. They found that co-cultivation of spleen cells 
with permissive monolayers always was necessary to detect infectivity, 
even during acute infection. No requirement of allogenic stimulation 
was necessary for viral rescue. Wise et al. (1979) inoculated mice 
with MCMV and observed that the greatest titers in spleen were present 
at day 4 PI and after that time the titers in spleen started to decline 
and, at the same time, the titers in salivary glands started to increase. 
The salivary gland involvement lasted up to 40 days PI, and it was 
characterized by the recovery of high-titered cell-free virus. More 
recent studies substantiated Benson's results and further demonstrated 
that spleen explantation is a more sensitive technique than co-cultiva-
tion of spleen cell suspensions for detection of latent MCMV (Wise et al., 
1979; Jordan and Mar, 1982). No indicator monolayer of permissive cells 
(syngeneic or allogeneic) was required for infectious MCMV reactivation 
under these conditions. Several studies consistently report splenic 
necrosis along with systemic MCMV infection (Osborn et al., 1968; 
Mims and Gould, 1978a; Jordan et al., 1982). Kelsey et al. (1977, 
at variance with other authors, also reported splenomegaly. Viral dose 
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may account for this difference. By histologic evidence the lymph 
nodes also are involved, although to a lesser extent than spleen 
(Mims and Gould, 1978a). The thymus does not seem to be involved, 
either by viral isolation or histologic criteria (Belgrade and Osborn, 
1974; Olding et al., 1976). 
Mims and Gould (1978a) showed that the number of infected cells 
in spleen, at selected intervals after infection, is only about 1% 
of the total. Nevertheless, they described extensive splenic necrosis. 
A number of reports provide data showing which cells within the 
spleen are susceptible to MCMV. Sometimes these studies contradict 
each other. Hudson et al. (1977) demonstrated a transient infection 
of unfractionated spleen cells vitro. They were able to demonstrate 
that 1% of the total population of spleen cells became infectious, with 
spontaneous replication of infectious virus for a short time, followed 
by establishment of a cell-associated infectivity. 
Mims and Gould (1978a) reported virus in medium-large mononuclear 
cells from spleens of mice acutely infected with MCMV. These mononuclear 
cells were non-T, non-B cells, and were not macrophages. They postulated 
that the infected cell was a dendritic cell. With fractionated 
spleen cells ^  vitro, Loh and Hudson (1979) verified that the macro-
phage-enriched population took up most of the input virus, as shown by 
autoradiography of spleen cells infected with radioactive virus. These 
cells formed infectious centers but replicated the virus only transiently. 
The B-enriched population contained a minor cell fraction which was 
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permissive for replication. Meanwhile, the T-enriched fraction appeared 
to be nonpermissive for replication and did not produce infectious 
centers. The same authors (Loh and Hudson, 1981) reported later the 
results of vivo studies of MCMV spleen infection. They found MCMV 
primarily associated with adherent cells and the infected cells 
represented a small fraction (<1%) of the spleen cells. The infectivity 
exhibited a peak at day 3 PI and disappeared by day 11 PI. They also 
reported that this infection of adherent (macrophage-monocyte) cells 
caused an immunosuppression as measured by responsiveness of lymphocytes 
to mitogens. Bixler and Booss (1981) reported somewhat similar results 
in regard to in vitro antibody response, which was suppressed by adherent 
spleen cells from mice acutely infected with MCMV. This suppression was 
not due to a generalized lytic destruction, but was dependent on intact 
plastic-adherent spleen cells instead. As a lytic treatment for T cells 
did not abolish the immunosuppressant capacity, they concluded that the 
supression was not mediated by a T suppressor cell (Bixler and Booss, 
1981). 
Olding et al. (1975-76) reported that latent MCMV could be 
activated in co-cultures of splenic B lymphocytes with permissive 
fibroblasts derived from allogeneic strains of mice but not in syngeneic 
co-cultures. Considerable interest was given to this observation due 
to the potential importance of allogeneic stimulations in the clinical 
reactivation of HCMV (Weller, 1971). At the same time, Mayo et al. 
(1978) found that activation of latent MCMV in spleen cells occurred 
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with equal frequency when the cells were injected into syngeneic 
animals. A possible source of this apparent discrepancy is that 
Olding et al. (1975-76) infected newborn mice with attentuated 
virus, while Mayo et al. (1978) infected weanling mice with virulent 
virus. 
Jordan and Mar (1982) investigated the cell types involved in the 
in vitro splenic reactivation of MCMV and indicated that latent virus 
was initially released from B lymphocytes in suspension and then 
amplified in titer by cytolitic replication in adherent macrophages. 
In addition to the experimental evidence of the association of 
MCMV with B-cells, there are reports that incriminate the mononuclear 
phagocytic cells as the target of latent MCMV. One of the experimental 
bases for this view is the work reported by Oldstone's laboratory 
(Brautigam et al., 1979) in which peritoneal macrophages of mice 
latently infected with MCMV were productively infected after activation 
with thioglycollate and co-cultivation with permissive fibroblasts. In 
these studies, hybridization confirmed the presence of 5-7 MCMV genome 
copies per 100 latently infected macrophages as compared with 360-800 
copies in macrophages from acutely infected animals. 
The role of macrophages in the pathogenesis of MCMV has been a 
matter of intense study and controversy. Original studies (Tegtmeyer 
and Craighead, 1968) claimed that murine peritoneal macrophages were 
susceptible to MCMV, with a slower cytopathic effect but with the same 
virus yield as in the replication of MCMV in permissive fibroblasts. 
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This study also described a loss of function (decreased phagocytosis) 
of the infected population. In vivo depletion of macrophages (by 
treatment of the mice with silica) increased the mortality after MCMV 
inoculation (Belgrade and Osborn, 1974). These workers also studied 
the 12. vitro infection of peritoneal macrophages with MCMV and concluded 
that only a small percentage of these cells were permissive and that 
there was very little extracellular virus. A low efficiency of infection 
of murine peritoneal macrophages by MCMV is also described by Mims and 
Gould (1978b). They found that activated peritoneal macrophages were 
more resistant to infection (at variance with the above mentioned Osburn 
group's results). They also noted that resident macrophages were more 
easily infected with attenutated virus than with virulent virus. 
Craighead's laboratory presented a series of in vivo studies of respiratory 
pathogenesis of MCMV (Brody and Craighead, 1974; Murphy et al., 1975; 
Brody et al., 1978) in which they demonstrated unequivocally (by 
ultrastructural pathology) that the main (or the only) cell type involved 
in replication of MCMV during pneumonic involvement of the virus belongs 
to the monocyte-macrophage-histiocyte series. Indeed, they used the 
intranuclear evidence of MCMV replication as a "marker" to show that 
monocytes (from vessels) are precursors of alveolar macrophages. They 
described the process of migration of mononuclear phagocytes from vessels 
and int;ersticium to the air spaces (Murphy et al., 1975). This macro­
phage infection by MCMV was corroborated by other laboratories (Jordan, 
1978; Shanley et al., 1982). 
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Some studies have demonstrated survival of MCMV in a macrophage-
enriched subpopulation of peritoneal origin after intraperitoneal 
infection (Booss, 1980). Viral infection could be transmitted to 
syngeneic mice by adoptive transfer and assayed on permissive fibro­
blasts. Further study in vitro of the macrophage-enriched population 
revealed no evidence of significant viral replication but a persistence 
of the virus for long periods of time (Booss, 1980). Shanley and Pesanti 
(1980 and 1983) found a limited replication of MCMV in lung and peritoneal 
murine macrophages. They found a depressed non-immune phagocytic 
function in the population of macrophages that supported MCMV replication. 
They also found that only a small proportion of the macrophages released 
infectious virus. 
A recent paper from Jordan's laboratory (Katzenstein et al., 1983) 
presents evidence, by using phagocytic markers ^  vivo, that the splenic 
macrophage is the predominant replicating cell in the spleen during 
acute MCMV infection. This exclusive involvement of the macrophages was 
verified by electron microscopy. This splenic replication is a require­
ment, not only for further latency in spleen (Jordan et al., 1982) but 
also for further hepatic histologic injury during the acute infection 
(Katzenstein et al,, 1983; Belgrade et al., 1984), The key role played by 
the spleen in the pathogenesis of MCMV infection was evidenced by the 
observation that splenectomy increases the survival rate after acute MCMV 
infection (Katzenstein et al., 1983). Some other models of MCMV latency do 
not involve the spleen or the blood as the tissues harboring the latent 
42 
MCMV. Jordan et al. (1977) established an initial infection of the 
mice by subcutaneous inoculation at variance with all previous works 
which had used intraperitoneal route, and latent MCMV was never activated 
in vitro by co-cultivation of spleen or buffy coat, however, immuno­
suppression (a treatment of 2 weeks of anti-lymphocyte serum plus 
corticosteroid) resulted in reactivation and systemic infection of 
latent virus (Jordan et al., 1977; Jordan, 1980; Jordan, 1983). This 
pattern of latency and reactivation was the same whether virulent or 
attenuated MCMV was used in establishing the initial infection (Jordan, 
1980). A subsequent study of Jordan et al. (1982) focused upon the 
differences among the MCMV latency models with regard to whether or not 
latent MCMV can be activated from spleen cells vitro. They found 
that the strain of mouse, the age of animals at infection and the 
degree of virulence of the MCMV strain did not account for the difference 
in spleen MCMV latency establishment. Nevertheless, latent MCMV could 
be activated by spleen cell co-cultivation only when substantial viral 
replication was detected in the spleen during the acute infection. 
Thus, as after subcutaneous inoculation of weanling mice, no replicating 
virus was found in the spleen and latent viral infection was never 
demonstrated in cells obtained from that organ. This is in agreement 
with other observations of Jordan et al. (1982) who showed that latent 
spleen MCMV infection does develop after subcutaneous inoculation of 
newborn animals, and that significant viral replication can be 
demonstrated in splenic cells of these animals, during the acute stage 
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of the infection. Allogenic co-cultivation was not a requirement for 
any of Jordan's experiments (Jordan et al., 1977; Jordan, 1980; 
Jordan et al., 1982). 
There is some other evidence indicating that latent MCMV may 
persist in tissues different from spleen. Cheung et al. (1980) 
activated latent MCMV by explantation from salivary gland and prostatic 
tissue and corroborated this finding by nucleic acid hybridization. 
Brautigam and Oldstone (1980) used nucleic acid situ hybridiza­
tion to detect MCMV DNA in reproductive tissue. They reported that 
during acute infection significant amounts of MCMV are present in the 
ovarian stromal cells that surround the follicular region and in the 
squamous epithelial cells external to the tunica albuginea of the testes. 
They also determined, by hybridization kinetics analysis of DNA isolated 
from ovaries and testes of 5- and 6-month old mice latently infected 
with MCMV, that the viral genome was present in both organs. Likewise, 
Dutko and Oldstone (1979), using the same type of techniques, localized 
MCMV DNA in purified spermatozoa and in immature sperm cells, giving 
strong support to the argument of an acute and latent infection by MCMV 
of male germ-line cells. In addition, it was reported that interstitial 
Leydig cells of testicles are susceptible to MCMV infection both vivo 
and' in vitro (Baskar et al., 1983). These authors suggested the 
possibility that MCMV, by infecting Leydig cells, may upset hormonal 
balance and impede gametogenesis. 
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Dutko and Oldstone (1981) described an ^  vitro model with important 
implications for latent and lytic MCMV infections. They showed the 
abortion of MCMV replication in a murine teratocarcinoma cell line at 
the level of transcription of viral DNA to RNA. By chemical induction 
of differentiation of the cell line viral replication also was triggered, 
as measured by production of virus-specific antigens and infectious 
virus. It seems apparent, from these experiments, that cellular functions 
play an important role in activation and subsequent replication of 
latent MCMV. Taking together all of these results, one may conclude 
that latent MCMV infection can exist in several diverse tissues. It 
is not clear if such infections can be explained by persistence of the 
virus in a single, ubiquitous type of cell (e.g., lymphocytes or 
macrophages) or whether several distinct cell types are capable of 
maintaining the latent viral state (Jordan, 1983). 
The guinea pig cytomegalovirus The CMV of guinea pigs has 
deserved particular attention for investigation of transplacental 
passage of the virus and subsequent ^  utero infection of the fetus, a 
feature which is not verified with MCMV. The guinea pig CMV can be 
transmitted from infected to uninfected guinea pigs by inoculation of 
peripheral blood. Nevertheless, guinea pig CMV can not be recovered 
by co-cultivation of the blood cells with permissive cell cultures 
(Hsiung et al., 1976). This phenomenon could reflect a greater sensitivity 
of the ^  vivo inoculation or a reactivation of latent MCMV in the 
recipient (Jordan, 1983). Griffith et al. (1981) examined the acute 
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stage of guinea pig CMV infection in guinea pigs and demonstrated the in­
volvement of both the hematopoietic and lymphoid systems, in a pattern 
that resembles the human mononucleosis caused by HCMV. During the 
first week of acute infection, guinea pig CMV was detectable in plasma 
and in granulocyte and mononuclear cell-enriched fractions. There 
was obvious splenomegaly and the highest viral titers in the spleen 
were found by day 7 PI. In 2 of 6 animals tested, low titers of cell-
associated virus persisted in the spleen in the macrophage and B cell 
populations. Persistent infection of guinea pig CMV for many months 
in the salivary glands also has been described (Hsiung et al., 1976). 
Lymphoreticular persistence of other ungrouped herpesviruses 
In 1969, as part of a longitudinal survey of latent virus infection in 
laboratory animals, a herpesvirus of guinea pigs was isolated first 
from leukemic and later from clinically normal guinea pigs (Hsiung and 
Kaplow, 1969). This so-called guinea pig herpes-like virus (GPHLV) 
gained considerable attention during the early 1970s, as it was 
postulated that similarities existed between GPHLV and Epstein-Barr 
virus (Hsiung and Kaplow, 1969; Lam and Hsiung, 1973; Tenser and Hsiung, 
1976). 
GPHLV was shown to be antigenically and genetically different from 
guinea pig CMV (Hsiung et al., 1976; Tenser and Hsiung, 1976). In 
experimentally infected guinea pigs, GPHLV could be recovered from a 
wide variety of tissues, including leukocytes, bone marrow, spleen, 
liver, lungs, kidney, salivary glands, etc. However, the highest titers 
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of virus were always recovered from the spleen, regardless of the route 
of inoculation (Tenser and Hsiung, 1975). The virus infectivity 
increased rapidly during the first 2 weeks of infection and reached the 
highest titer at week 3. Thereafter, significant virus titers persisted 
throughout the life of the animals. No disease was noticeable in 
association with this infection, nor were there any virus-induced 
intracellular inclusions (Tenser and Hsiung, 1976). Recovery of GPHLV 
from infected animals requires, at all times, co-cultivation of infected 
tissue cells (Hsiung and Kaplow, 1969). Neutralizing antibodies are 
detectable at low levels throughout the life-long persistent infection, 
even though virus is continuously present in the tissues (Tenser and 
Hsiung, 1976). Lam and Hsiung (1973) showed that experimental infection 
of rabbits with GPHLV revealed rapid seroconversion. The virus was 
able to persist in the,rabbit in association with spleen cells. Rats, 
mice and hamsters cannot be infected with GPHLV. 
GPHLV can cross the placenta of inoculated pregnant guinea pigs 
and establish infection of the fetus. Animals receiving a smaller dose 
of virus required a longer interval for the virus to establish the 
infection, whereas in animals receiving a larger dose of virus, fetal 
involvement took place after a shorter period of time (Hsiung et al., 
1980). 
Gonzalez-Serva and Hsiung (1978) studied the cell type carrying 
the persistent GPHLV in vivo. They found that this virus was present 
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in macrophage-enriched adherent cells from bone marrow of persistently 
infected animals. For the detection of the virus, it was necessary to 
co-cultivate the adherent cells together with permissive detector cells 
for at least 9-10 days. Nevertheless, if the number of macrophages 
attached or the original number of bone marrow cells were higher, 
the cytopathic effect was noticed within a shorter period of time. 
More recently, a series of herpesvirus isolates have been recovered 
from Tupaias (tree shrew), which are animal members of the family 
Tupaiidae (Darai and Koch, 1984). They are the most primitive 
prosimians and represent the link between insectivores and primates. 
The Tupaia herpesvirus isolates have a large genome (±130 x lO^ d) and 
a cytopathic effect characterized by inclusion body formation both in 
nucleus and cytoplasm (Darai and Koch, 1984). These characteristics 
would suggest a cytomegalic character. Nevertheless, it has been 
claimed that Tupaia herpesviruses represent a new sub-family of 
herpesviruses (Darai and Koch, 1984). 
Experimental inoculation of natural hosts demonstrated that 
Tupaia herpesviruses are highly pathogenic for young tree shrews, when 
inoculated by the intravenous route. If the virus is inoculated intra-
peritoneally, most of the animals survive the infection (Darai and 
Koch, 1984). The main clinical feature of the disease produced by 
experimental inoculation of Tupaia herpesvirus into tree shrews is 
inflammatory hemorrhagic necrosis of the lungs with lung, spleen, and 
liver being the most involved organs (Darai and Koch, 1984). 
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As regards persistence of Tupaia herpesviruses, it was found that 
young animals that survive the acute infection become life-long carriers 
of the virus. Infectious virus is recovered only from cultured spleens 
of these animals. Also, infectious virus was recovered from the spleen 
of rabbits inoculated with Tupaia herpesvirus months or years later. 
In contrast, persistent infection was not established in mice, rats, 
hamsters and marmosets which had been inoculated with Tupaia herpesvirus 
(Darai and Koch, 1984). 
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PART I COMPARISON OF THE HERPESVIRUSES OF CATTLE BY DNA 
RESTRICTION ENDONUCLEASE ANALYSIS AND SEROLOGY 
This manuscript will be submitted to the American Journal of 
Veterinary Research, 
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SUMMARY 
Reference strains and field isolates of herpesviruses recovered 
from cattle in the U.S. were compared by restriction endonuclease 
(RE) analysis and the indirect fluorescent antibody test (IFAT). 
As a result of these comparisons five major biotypes of bovine herpesvirus 
were defined. These types were: 1) infectious bovine rhinotracheitis 
virus (Bovine herpesvirus 1: BHV-1); 2) bovine herpes mammillitis 
virus (Bovine herpesvirus-2: BHV-2); 3) malignant catarrhal fever virus 
(MCFV: Herpesvirus alcelaphinae); 4) the group of slow cytopathic effect 
(CPE) isolates represented by the prototype strain Movar 33/63 (bovine 
cytomegalovirus candidate) and 5) the syncytia-forming Pennsylvania 47 
strain. BHV-1 and BHV-2 did not cross-react serologically with any 
other type of bovine herpesvirus tested. A low but consistent level of 
serologic cross-reactivity was detected among MCFV, the Movar group 
and Pennsylvania 47. Several non-syncytial; slow CPE strains, which 
were recovered from dissimilar clinical syndromes and were serologically 
related to Movar 33/63, exhibited very similar DNA RE cleavage patterns, 
confirming their identity as members of a single type. No isolate 
from American domestic cattle was similar to the African MCFV, which 
has been sporadically isolated in the U.S. from exotic ruminants. The 
African MCFV isolated during an MCF outbreak in a U.S. zoo exhibited 
some DNA RE cleavage differences in comparison with the MCFV world 
prototype WC 11, suggesting that strain diversity exists within this 
biotype. 
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INTRODUCTION 
The infectious bovine rhinotracheitis virus (IBRV) (BHV-1) 
and the bovine herpes manunillitis virus (BHMV) (BHV-2) were, for many 
years, the only well studied herpesviruses known to cause diseases of 
economic significance in cattle (McKercher, 1973). During the last 
two decades, there has been a large increase in veterinary diagnostic 
services. This has brought standard viral isolation and detection 
techniques to many areas around the world. As a consequence, the list 
of herpesviruses originating from cattle has been expanded considerably. 
A large number of isolates were classified together with little real 
knowledge of their relationship or their pathogenic role (Gibbs and 
Rweyemamu, 1977). Some of the isolates are highly cell-associated, 
making seroneutralization assays difficult. Also, some other isolates 
are poor inducers of neutralizing antibodies. All this restricted the 
amount of information available in relation to the serological cross-
reactivity and critical comparison of many of these isolates. At the 
same time, diverse taxonomic criteria applied by different authors, led 
to different numerical classification systems. The simultaneous use 
of distinct numbers (BHV-3, BHV-4, BHV-5) to name the same agent 
caused confusion (Smith, 1977; WHO/FAQ, 1976; Gibbs and Rweyemamu, 1977; 
Ludwig, 1983) in the classification and grouping of bovine herpes­
viruses. The purpose of this work was to review the grouping of 
herpesvirus isolates of U.S. origin by genomic RE profile and serologic 
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comparison, trying to define precisely the biotype to which each 
strain belongs. We used in this comparison the following strains; 
BHV-1 (Cooper strain) (York et al., 1957); BHV-2 (Weaver et al., 1972); 
the MCFVs including the isolate recovered in the Oklahoma City Zoo 
from exotic ruminants (Castro et al., 1984) and the prototype strain 
well (Plowright, 1968); Movar 33/63 (Bartha et al., 1966) and a series 
of slow CPE herpesvirus which are given in Table 1 and which are reportedly 
related by serology to the Movar 33/63 strain (Smith, 1977). It is 
apparent that this group of slow CPE herpesviruses presents cytomegalo­
virus properties (Storz et al., 1984). We also included the Pennsylvania 
47 strain which is a syncytiogenic, cell-associated herpesvirus recovered 
from peripheral blood leukocytes of lymphosarcomatous cattle (Van der Maaten 
and Boothe, 1972). The different behavior of this strain in cell culture 
suggested differences from the rest of the bovine herpesviruses. 
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MATERIALS AND METHODS 
Cell Cultures 
The cell line used for propagating BHV-1, BHV-2, bovine 
cytomegaloviruses and syncytiogenic Pennsylvania 47 strain was 
obtained by trypsin digestion of the lung of a newborn calf. The 
bovine lung (Big) cells were propagated as monolayer cultures in minimum 
essential medium (MEM) containing 10% fetal bovine serum (FBS), 4 mM 
glutamine and antibiotics (100 lU of penicillin, 100 yg of streptomycin 
sulfate, and 100 yg of kanamycin sulfate/ml). The Big cell line was 
used between the 7th and 25th subpassage (1:3 split ratio). Vero 
C1008 cells (American Type Culture Collection, Cat. No. CRL1586, 
Rockville, MD) and bovine turbinate cells (American Type Culture 
Collection, Cat. No. CRL 1390, Rockville, MD) were used for propagating 
African MCFV strains. 
Viruses 
The origin and history of the bovine herpesvirus strains used 
in this report are given in Table 1. 
Serology 
The serologic cross-reactivity of the bovine herpesvirus strains 
was measured by IFAT. Antiserums against BHV-1 and the DN-599 strain 
were prepared by five injections once a week (0.2 ml intradermally 
Table 1. Origin and history of the bovine herpesvirus strains 
No, of 
passages in Clinical 
Virus designation cell cultures Source entity Isolated by 
BHV-1 (Cooper str.) 12 ATCC* York et al., 1957 
BHV-2 (150) NVSL Weaver et al., 1972 
MCFV (Oklahoma str.) (>85) NVSL Castro et al., 1984 
MCFV (WC 11 str.) NVSL Plowright, 1968 
Movar 33/63 7 ATCC keratoconjunctivitis Bartha et al., 1966 
DN-599 10 ATCC, 
VMRIT 
respiratory disease Mohanty et al., 1971 
3374 7 mammary dermatitis Reed et al., 1977 
V-11 5 NADC S lymphosarcoma M, J. Van der Maaten, 
National Animal Disease 
13 
Center, Ames, lA. 
DDV-71 NVSL metritis Parks and Kendrlck, 1973 
Pennsylvania 47 28 NADC lymphosarcoma Van der Maaten and 
Boothe, 1972 
* 
ATCC = American Type Culture Collection, Rockville, MD. 
NVSL = National Veterinary Services Laboratories, USDA-APHIS, Ames, lA. 
Provided by Dr. G. Erickson. 
V^MRI = Veterinary Medical Research Institute, Iowa State University, Ames, lA. Provided 
by Dr. D. E. Reed. 
§ 
NADC = National Animal Disease Center, USDA-ARS, Ames, lA. Provided by Dr. M. J. 
Van der Maaten. 
P^otgieter and Mare, (1974). 
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and 0.2 ml intravenously) of cell culture propagated virus in young 
(3-3.5 lbs) New Zealand white rabbits. Serum was harvested from the 
rabbits 10 days after the last injection. Antiserums against BHV-2, 
MCFV and the Pennsylvania 47 strain were obtained from cattle experi­
mentally inoculated with the virus. These sera were collected during 
the convalescence period, when the antibody titers had reached a peak. 
Slide cultures (Lab-Tek Products, Miles Lab., Inc., Naperville, IL) 
containing confluent monolayers of the Big cell line were inoculated 
at a multiplicity of infection of 0.1 with the virus BHV-1, BHV-2, 
DN-599, Movar 33/63, DDV-71, or V-11. For cell-associated herpesviruses 
(MCFV and Pennsylvania 47) the slide cultures were seeded with co-
cultures of virus-infected cells and uninfected cells, at a ratio 1:3. 
Incubation took place at 37°C until 25 to 50% CPE was observed, and 
then the slides were fixed in acetone for 6 minutes at room temperature. 
The fixed slide cultures were stored at -70°C until use. 
The IFAT was performed as follows: the fixed slide cultures were 
flooded with 2-fold dilutions of (rabbit or bovine) antiserums against 
each of the viruses and incubated at 37°C for 1 hour. The slide cultures 
_2 
then were rinsed 3 times (5 minutes each) in 10 M phosphate-buffered 
saline solution (PBS, pH 7.2), flooded with the corresponding anti-
species conjugate and incubated at 37°C for 30 minutes. The conjugate 
used for rabbit antibodies was a preparation of anti-rabbit IgG goat 
F(ab')2 fragment conjugated to fluorescein (Cappel Lab, Cat. No. 
1312-0081, West Chester, PA) and for bovine sera the conjugate used 
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was an anti-bovine IgG fluorescein-conjugated goat F(ab')2 fraction 
preparation (Cappel Lab., Cat. No. 1302-0082). After incubation with 
the conjugate the slides again were rinsed three times in PBS and 
mounted in borate buffered glycerin (pH 9.0) for examination by 
fluorescence microscopy. 
In each case, the titers of the antiserum were expressed as the 
reciprocal of the end-point serum dilution exhibiting a positive 
fluorescent antibody reaction. A pre-inoculation sample of each serum 
was titrated simultaneously in each case. Other controls included 
duplicate titrations on uninfected cells, and blanks for antiserum or 
conjugate respectively. 
DNA Extraction 
The preparation of genomic DNA of all the strains used in the 
comparison was carried out using cell-free virus released in the 
supernatant of infected cultures. The procedure was as follows: 
2 two (six in the case of MCFV or Pennsylvania 47 strain) 850 cm roller 
bottles of the corresponding cell line were infected with each virus 
and incubated at 37°C. At 100% CPE, the culture medium was clarified 
by low speed centrifugation and virus was harvested by centrifuging the 
medium at 100,000 xg (1 hr) through a layer of 40% sucrose (w/v in 
0.2M phosphate buffer (pH 7.5). After centrifugation, the supernatant 
was discarded and the virus pellets were resuspended in 2 ml TE buffer 
(10 mM Tris, 1 mM EDTA, pH 7.6). The viral DNA was extracted by treatment 
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of the concentrated virus with sodium dodecyl sulfate (final con-
tration 0.5%) and activated Proteinase K (final concentration 100 pg/ml) 
for 1 hr at 37°C. After digestion, viral DNA was extracted once with 
an equal volume of TE saturated phenol, once with an equal volume of a 
1:1 mixture of chloroform and TE saturated phenol and twice with an 
equal volume of chloroform and then dialysed against two changes of 
TE buffer for 24 hrs. 
RE Analysis 
Viral DNA (~1 pg) was digested with 3 units of restriction enzyme 
at 37° C for 2 hrs. The digestion buffer was Tris (6 mM, pH 7.4), 
Mg Cl^  (6 mM), and dithiothreitol (1 mM). The restriction enzymes 
used (Bethesda Research Laboratories, Gaithersburg, MD) were Bam HI, 
Eco RI, Hind III and Bgl II. The enzyme reaction was stopped by 
addition of Loaning's buffer (30 mM NaH^ PO^ , 1 mM Na^  EDTA, 36 mM 
Tris, pH 7.7) containing 60% sucrose and 0.02% bromophenol blue. The 
DNA digests were electrophoresed in a submerged 0.8% agarose gel in 
Loening's buffer for 18 hr at 50 volts. 
The gels were stained with ethidium bromide and photographed 
with ultraviolet illumination. The molecular weight standard used 
was a Hind III digest of the Cooper strain of IBRV (Mayfield et al., 
1983). In some cases, the photographic negatives were scanned with 
a densitometer in order to determine the position of each RE fragment 
and the number of fragments (molarity) in each band. 
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RESULTS 
Serology 
Table 2 lists the serologic reactivity of bovine herpesviruses 
as measured by IFAT. The specific immunofluorescence staining of IBRV 
consisted primarily of bright fluorescence of membrane and cytoplasm, 
with masked (or absent) intranuclear staining. The group of slow 
CPE bovine herpesviruses (Movar group) exhibited prominent intra­
nuclear fluorescent inclusions, and cytoplasmic fluorescence con­
centrated mostly in the perinuclear area. The specific immunofluorescence 
of BHMV was characterized by bright staining of the cytoplasm of the 
large multinucleated cells, with slight involvement of the nucleus. 
The MCFV and Pennsylvania 47 strain exhibited both cytoplasmic and 
intranuclear fluorescence staining. The syncytia induced by the 
Pennsylvania 47 strain were more self-limited than the BHMV-induced 
polykaryocytes, and exhibited a characteristic radial disposition of 
the nuclease, which displayed obvious fluorescent inclusions. Neither 
BHV-1 nor BHV-2 displayed cross-reactivity with any other herpesvirus 
tested (Table 2). Cross-reactivity was consistently observed among 
the MCFV, the Pennsylvania 47 strain and the Movar group of herpesviruses. 
In all cases the homologous titers were 8 to 16-fold higher than the 
heterologous ones. The cross-reactivity observed was based primarily 
upon intranuclear fluorescent inclusions. 
Table 2. Serologic reactivity of bovine herpesvirus strains by IFAT. The titers are 
expressed as the reciprocal of the end-point dilution of specific fluorescence. 
Neg = end-point dilution _<5; NT = non-tested 
Antiserum to 
Virus IBRV BHMV MCFV DN-599 Penn. 47 
IBRV 160 Neg Neg Neg Neg 
BHMV Neg 80 Neg Neg Neg 
MCFV Neg Neg 160 Neg 20 
DN-599 Neg Neg 10 160 20 
V-11 Neg Neg NT 160 NT 
DDV 71 Neg Neg NT 320 NT 
3374 Neg Neg NT 160 NT 
Movar 33/63 Neg Neg Neg 320 20 
Pennsylvania 47 Neg Neg 40 20 160 
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RE Analysis 
Fig. 1 shows the five classes of RE profiles found from the 
analysis of the DNAs of the different bovine herpesvirus strains. 
3 
The number and size of the fragments (ranging from 1.8 x 10 to 
3 28 X 10 bp) and their consequent relative migration was unique for 
each one of these five patterns obtained by digestion with BAM HI, 
with almost no co-migrating or overlapping fragments. Fig. 2 shows 
a further analysis of the 3 strains (or group of strains) which exhibited 
serologic cross-reactivity. In this case, digestion with 3 other 
different enzymes indicated clear distinctiveness of the RE pattern 
of MCFV, Movar 33/63 and Pennsylvania 47 strain. 
The group of non-syncytiogenic, slow CPE strains that includes 
Movar 33/63, 3374, DN-599, V-11 and DDV-71, displayed significant 
similarities in their DNA RE pattern resulting from BAM HI digestion 
(Fig. 3). Most of the cleavage fragments of each of the isolates 
co-migrated. This was particularly evident for the cluster of fragments 
of molecular weight ranging from 3.9 to 4.8 x lO^ d (from 5.9 to 7.2 kb) 
and the fragments of 15 x lO^ d and 2.8 x lO^ d respectively. Also the 
presence of a multimolar band of low molecular weight (1.2 to 1.4 x lO^ d) 
was a consistent feature of the DNA RE profiles of these strains. The 
high level of similarity among the RE profiles of the DNA of these 
strains was also consistently observed with Eco RI and Hind III 
digestions (data not shown). 
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Fig. 1. Bam HI digests of bovine herpesvirus DNA 
Lane 1: Pennsylvania 47 strain; lane 2; Movar 33/63 strain; 
lane 3: MCFV (Oklahoma strain); lane 4: BHMV; 
lane 5: IBR (Cooper strain). 
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Fig. 2. Eco RI (Lanes 1,2,3), Hind III (Lanes 4,5,6), and 
Bgl II (Lanes 7,8,9) digests of bovine herpesvirus DNAs. 
Lanes 1, 4 and 7: Pennsylvania 47 strain; lanes 2, 5 and 8: 
Movar 33/63 strain; and lanes 3, 6 and 9: MCFV (WC 11 strain) 
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Fig. 3. Bam HI digests of bovine herpesvirus strains of slow CPE 
(syn; bovine cytomegalovirus). Lane 1: DN-599 strain, 
lane 2; V-11 strain, lane 3: 3374 strain, lane 4: DDV-71 
strain, and lane 5; Movar 33/63 strain 
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Table 3 shows the values of the molecular weight of each of the 
fragments obtained by BAM HI digestion of the genome of DN-599 herpes­
virus. These values were obtained by comparison with HIND III 
digestion fragments of IBRV (Cooper strain) whose molecular weight 
values have been published (Mayfield et al., 1983). The molecular 
weights of the single fragments were added correcting the values 
(when necessary) according to molecular ratio determined by optical 
densitometry. The summation of the molecular weights of the Bam HI 
Table 3. Estimated mol. weight and number of restriction fragments 
originated from digestion of DN-599 strain with Bam HI 
restriction enzyme 
Fragment MW Fragment MW 
(Md) (Md) 
A 15.0 
B 7.3 
C 6.4(0.5) 
D 4.8(2) 
E 4.4 
F 4.2 
G 3.9(2) 
H 3.4 
I 2.8 
J 2.2 
K 1.9 
L 1.6 
M 1.4 
N 1.3 
0 1.2(>8) 
Summation 75.7 Md 
Number in parentheses corresponds to the molarities 
(different than 1) which were determined by densitometry of the 
photographic negative of the RE profile. 
digestion fragments of DN-599 DNA, which constitutes an approximate 
estimation of the genomic molecular weight, amounted to 75.7 x lO^ d. 
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The DNAs of the two strains of African MCFV used in this study 
were compared by digestion with BAM HI (Fig. 4). A few fragments of 
the profiles co-migrated, primarily the ones ranging from 4.4 to 5.3 kb 
(from 2.9 to 3.5 x lO^ d). Several differences in the migration rate 
of the larger RE fragments were evident. 
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Fig. 4. Bam HI digest of MCFV strains. Lane 1: MCFV (WC 11 strain); 
lane 2: MCFV (Oklahoma strain) 
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DISCUSSION 
The serological and RE analysis of the bovine herpesviruses 
studied in this paper indicate the existence of 5 distinct classes 
of herpesviruses of cattle. The differences observed between the 
genomic RE profiles of BHV-1, BHV-2, MCFVs and the Movar-like herpes­
viruses are consistent with the previous serological grouping of these 
four main types (WHO/FAO, 1976; Smith, 1977; Gibbs and Rweyemamu, 
1977), The Pennsylvania 47 strain is recognized as a novel and distinct 
type of bovine herpesvirus based on the unique genomic RE profile and 
the cross-serology results that we report herein. 
The Pennsylvania 47 strain had been provisionally classified 
within the Movar group of bovine herpesviruses (Gibbs and Rweyemamu, 
1977) in spite of the syncytiogenic character and high cell-association 
of this strain, which makes it different from the rest of strains of 
the Movar group. The significant cross-reactivity shown among the 
Pennsylvania 47, the MCFV and Movar viruses is striking. The strong 
cell association of the Pennsylvania 47 strain herpesvirus made several 
passages and prolonged incubations necessary for its detection and 
isolation in tissue culture (Van der Maaten and Boothe, 1972). It is 
conceivable that because of the cross-reactivity with previously known 
types of herpesviruses and the cumbersome protocol required for its 
isolation, this virus has been unnoticed by the diagnostic laboratories. 
The bovine origin of the Pennsylvania 47 strain is supported 
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by the demonstrated ability of this virus to infect and persist in 
experimentally inoculated cattle (Van der Maaten and Boothe, 1972). 
Also, specific antobody titers to this strain were found in the animals 
at the same time that the original isolation took place (Van der Maaten 
and Boothe, 1972). This specific titer is still detectable in the 
highly leukemic inbred herd of the University of Pennsylvania which 
is composed of direct descendents of those original seropositive 
animals (Osorio and Van der Maaten, unpublished information). In spite 
of this probable evidence of vertical persistence of the virus in this 
herd, attempts to reisolate the Pennsylvania 47 herpesvirus were 
fruitless. This was primarily due to widespread infection of the 
herd with the bovine syncytial fSpuma) virus which easily grows from 
cultures of peripheral mononuclear cell and impairs detection of any 
slow growing herpesvirus (unpublished information). 
No clinical alteration could be recognized in cattle experimentally 
inoculated with this strain (Van der Maaten and Boothe, 1972). This could 
be related to the extensive propagation of the virus in cell cultures 
prior to inoculation, which could have attenuated the virulence of 
Pennsylvania 47 strain. 
A putative viral agent for the "non-wildebeest-associated" 
malignant catarrhal fever (syn = "American", "European", or "Sheep-
associated" MCE) has been suspected but never isolated (Hamdy et al., 
1978; Coulter and Storz, 1979, Clark and Adams, 1976). Rossiter (1983) 
found that sera from cattle affected with non-wildebeest-associated 
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MCF and from contact sheep cross-reacted significantly with MCFV. 
This author postulated that the agent of non-wildebeest-associated 
MCF was antigenically related to African MCFV. Our results on the 
cross-reactivity of Pennsylvania 47 strain with MCFV suggest that 
the possible role of this newly defined class of bovine herpesvirus 
in the etiology of "non-wildebeest-associated" MCF should be further 
investigated. It was evident that none of the American bovine herpes­
virus strains used in this study, were similar to the African MCFVs. 
An interesting observation is that both strains of African MCFV 
showed several differences in the migration rate of their DNA fragments, 
suggesting that strain diversity can exist within this type. It remains 
to be seen if this genomic RE profile disparity is correlated with 
serologic diversity. 
The RE analysis of DNA was also useful to confirm the common 
identity of several non-syncytial, slow CPE American isolates of bovine 
herpesviruses and their inclusion in a single type, as had already 
been proposed in basis of serological assays (Smith, 1977; Straub, 1978) 
and RE profile analysis (Ludwig, 1983). Most of the RE fragments of 
the DNA of these isolates co-migrated. Although co-migration of 
fragments not necessarily proves identity, it seems conceivable that a 
similar cleavage pattern indicates high degree of sequence homology. 
A more definitive proof of this homology would be obtained by cross-
hybridization studies (e.g., "cross-blot" analysis) of these strains. 
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The group of bovine herpesviruses represented by Movar 33/63 
strain has been recently proposed by Sterz et al. (1984) as the bovine 
cytomegalovirus candidate. The group seems to consist of strains of 
very uniform antigenic make-up and genome structure but originating 
from very dissimilar diseases or clinical syndromes. Our estimation 
of 75.1 X lO^ d molecular weight for the DN-599 DNA agrees with the figure 
of 76 X lO^ d reported by Ludwig (1983), based on the RE analysis of 
European strains of this group of viruses. At variance with this, 
unpublished studies of Ehlers and Gelderblom, cited by Sterz et al. 
(1984), would indicate that the genome of the strains of this group 
is 95 X 10^ d molecular weight. A possible source for this disparity in 
mol. weights could be due to the different interpretation of the molarity 
of the multi-molar band of low molecular weight. This multi-molar frag­
ment seems to be a consistent feature of the digestion of the DNA of these 
slow CPE herpesviruses with certain enzymes (Sterz et al., 1984). 
In any case, regardless of the differences in the reported DNA molecular 
weight of these herpesviruses, it seems apparent that the size of the 
genome of these bovine cytomegalovirus is considerably smaller than the 
genome size typically described for Betaherpesvirinae (Roizman et al., 
1981). 
Results from our laboratory show that selected and representative 
strain members of this bovine cytomegalovirus group exhibit similar 
biological properties when inoculated into experimental hosts. 
Inoculation of rabbits with the strains 3374 (Osorio et al., 1982). 
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Movar 33/63 (Osorio et al,, 1984, J. Gen. Virol. submitted for 
publication), DDV-71 and DN-599 (Osorio and Reed, unpublished informa­
tion) resulted in an active infection and further persistence in 
lymphoreticular tissue (mainly spleen) that mimicked the infection in 
the natural host (Osorio and Reed, 1983). 
The ability to establish persistent lymphotropic infections in the 
animal, could explain the frequent recovery of Movar 33/63 and similar 
viruses when assaying samples from clinical cases of MCF, as spleen and 
other lymphoid organs are always sampled in virological examinations 
of MCF. Considering the likely passenger character of these bovine 
cytomegaloviruses, their role in the etiology of MCF may be non 
significant, however, they deserve attention as they may be potential 
opportunistic pathogens and immunosuppressant agents. 
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PART II STUDIES ON THE PATHOGENESIS OF A BOVINE CYTOMEGALO-LIKE 
VIRUS IN AN EXPERIMENTAL HOST 
This manuscript will be submitted to the Journal of General Virology. 
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SUMMARY 
Movar 33/63 herpesvirus is the prototype strain of a group of 
slow growth bovine herpesviruses which have been reported to exhibit 
cytomegalovirus characteristics. These viruses have the ability of 
producing long-term persistent infections of spleen and other lympho-
reticular organs, in both cattle and rabbits. Rabbits were inoculated 
with a cell-culture propagated suspension of the strain Movar 33/63, 
and sacrificed at different intervals between 3 days and 42 weeks post­
infection (PI). Cell-free infectious virus was detected only in conjuncti­
val secretions, buffy coat and spleen homogenates up to 7 days PI. Beyond 
this brief acute replication period, co-cultivation or explanation was 
required for the detection of viral infectivity. The spleen, the only 
organ from which virus was consistently recovered, exhibited the highest 
infectious titers as detected by infectious center assay. The use of 
several cell fractionation techniques (including: solid-phase fractiona­
tion on ligand-coated surfaces; nylon wool filtration; affinity chromatog­
raphy; immunocytolysis and plastic surface adherence) allowed separation 
of B-enriched, T-enriched and non-T, non-B cell fractions. Infectivity 
during the acute and persistent phase of the infection was associated 
with the non-T, non-B population which was highly enriched in adherent 
and non-adherent spleen mononuclear phagocytes. No virus was isolated 
from either T or B cells. 
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INTRODUCTION 
The group of bovine herpesviruses of slow replicative cycle 
represented by the prototype strain Movar 33/63 (Bartha et al., 1966) 
has been established on the basis of serologic (WHO/FAO, 1976; Smith, 
1977; Straub, 1978) and genomic (Ludwig, 1983) similarities. Strains 
belonging into this group are geographically widespread and have been 
reported in Africa (Alexander et al., 1957; Rweyemamu and Loretu, 1973), 
in Europe (Bartha et al., 1966; Luther et al., 1971; Belak and Palfi, 
1974) and in America (Mohanty et al., 1971). 
Different attempts of classification have caused confusion in bovine 
herpesvirus nomenclature, as this group has been simultaneously referred 
to as: Bovid-herpesvirus-5 (Smith, 1977); Bovid herpesvirus-A (WHO/FAO, 
1976; Ludwig, 1983), or Bovine Herpesvirus-3 (Roizman et al., 1981). 
Recently it has been proposed that these viruses be classified as bovine 
cytomegalovirus group, due to ultrastructural evidences of cytoplasmic 
involvement during the process of viral morphogenesis in infected cell 
cultures (Sterz et al., 1984). 
Little is known about the biology of the natural infection, the role 
in bovine disease, and the persistence of these herpesviruses. Previous 
work in our laboratory demonstrated that experimental inoculation of 
both cattle (Osorio and Reed, 1983) and laboratory rabbits (Osorio et al., 
1982) with a strain of this group led to the establishment of an 
infection which was characterized by a symptomless early period of 
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virus replication followed by persistence of the virus in association 
with lymphoreticular organs (primarily spleen) of the inoculated 
animals. Virus was consistently reactivated vitro from intact 
spleen cells by cultivation or co-cultivation. Therefore, the 
identification of the specific cell type harboring the virus is central 
in the understanding of the potential disease mechanisms of these 
agents. In this report, we describe the tissue distribution pattern 
of virus after experimental inoculation of rabbits with the prototype 
strain of the group and the further characterization of the splenic 
cell type involved in the acute replication and persistence of the 
virus. 
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MATERIALS AND METHODS 
Cell Cultures 
The cell line used for virus isolation and propagation was 
obtained by trypsin digestion of the lungs of a newborn calf. The 
bovine lung (Big) cells were propagated as monolayer cultures in 
minimum essential medium (MEM) containing 10% fetal bovine serum (FBS), 
4 mM glutamine and antibiotics (100 lU of penicillin, 100 pg 
of streptomycin sulfate, and 100 yg of kanamycin sulfate/ml). The 
cell line was used between the 7th and 25th subpassage (1:3 split 
ratio). 
Virus 
The bovine herpesvirus strain Movar 33/63 (Bartha et al., 1966) 
was obtained from the American Type Culture Collection (ATCC, Rockville, 
MD, Cat. No. VR-842) with at least eight passages in bovine kidney 
cells. In our laboratory, the virus was maintained by passage in bovine 
lung monolayers. The stock preparation used for animal inoculation 
was the 6th passage in bovine lung cells and contained 3 x 10^ pfu/ml. 
Animal Inoculation and Sampling 
New Zealand white rabbits (1.5-2.0 kg) of either sex were purchased 
from a local supplier and were housed in individual cages within an 
animal isolation unit. The rabbits were lightly anesthetized (Metophane, 
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Pitman-Moore Inc., Washington Crossing, NJ) and inoculated with the 
strain Movar 33/63 by injection of 10^ pfu intravenously (IV), or, in some 
cases, by instillation of 10^ pfu in the right conjunctival sac, as 
described previously (Osorio et al., 1982). 
Infected rabbits were sacrificed by exsanguination under anesthesia 
at different time intervals from 3 days to 42 weeks PI. Tissues, 
including spleen, lung, kidney, mandibular and parotid salivary gland, 
liver and bone marrow (from long bones) were taken from the sacrificed 
animals and were used for virus isolation studies. Blood samples for 
virus isolation were collected by cardiac puncture in 10 ml evacuated 
blood collection tubes containing 15 mg of EDTA-K2 (Vacutainer, Becton-
Dickinson, Rutherford, NJ). Portions of each tissue collected for virus 
isolation were fixed in 10% neutral formalin for histological examination. 
Virus Isolation Procedures 
The presence of virus in the organs was assayed by three different 
methods: 1) cell-free homogenates from the organs or white blood cells 
were prepared as 10% suspension in MEM by mechanical disruption 
(Stomacher Blender, VAC House, London) and/or homogenization by Ten 
Broeck tissue grinder. The homogenates were clarified by centrifugation 
at 3000 rev/min for 10 min. at 4°C. The infectivity of these cell-free 
homogenates was evaluated by 50% end-point titration on Big cell mono­
layers in microtitration (96 well) plastic tissue culture plates; 
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2) explant cultures of all of the organs taken at necropsy were 
established. For this, the tissues were washed in MEM and cut into 
3 
1 to 5 mm pieces and cultured in MEM supplemented with 10% FBS and 
antibiotics (300 lU of penicillin, 300 vg of streptomycin sulfate, 
100 yg of kanamycin sulfate and 10 yg of amphotericin B/ml). The expiant 
cultures were maintained at 37°C in a humidified atmosphere containing 
7% CO2. Aliquots of culture fluid from the expiants were tested 
periodically for infectivity on Big monolayers; 3) co-cultivation with 
Big cell monolayers was used to evaluate the infectivity associated with 
peripheral blood leukocytes and bone marrow, spleen and lymph node cells. 
The EDTA-treated blood samples were centrifuged at 600 xg for 20 min. 
and the whole buffy coat fraction was harvested in Hank's balanced salt 
solution (HBSS) without Ca and Mg . Contaminating red blood cells 
were lyzed by 2 successive treatments with a Tris-buffered ammonium 
chloride solution (0.16 M NH^Cl and 0.017 M Tris, pH 7.65) followed by 
two washes in cold HBSS without Ca"*"*" and Mg"*"*". For some of the experiments, 
the mononuclear cell fraction of peripheral blood was isolated in purity 
by diluting (1:2.5) the EDTA-treated blood samples with HBSS without 
Ca^ and Mg"*"*" and layering 3 volumes of the diluted blood onto 1 volume 
of 11.6% sodium Metrizoate and 4.2% Dextran solution (final density: 
1.086 g/ml) (Nyegaard Lympho-paque, Accurate Chem. and Sci. Co., Westbury, 
NY). After centrifugation at 800 g for 15 min. at room temperature, 
the mononuclear cell band lying above the gradient was removed with a 
++ 4+ 
Pasteur pipette and rinsed two times with HBSS without Ca and Mg 
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containing 5% FBS. 
All peritoneal tissue was dissected away, and the organs were cut 
into small pieces. These pieces were gently disrupted by teasing them 
with scalpel and forceps, and removing at the same time most of the 
connective stroma of the capsule. The pulp cells ftêre suspended in 10 ml 
++ ++ 
of HBSS without Ca and Mg containing 5% FBS. Bone marrow also was 
teased apart with a scalpel and forceps and suspended in 10 ml of HBSS 
without Ca"*"^ and Mg"^ and containing 5% FBS. The preparation of the 
single-cell suspension was similar for spleen, lymph nodes or bone 
marrow, and was as follows: after the aspiration of the cell suspension 
into a 10-ml syringe, the suspension was sequentially extruded and 
reaspirated through a series of hypodermic needles of decreasing diameter 
(14- to 23-gauge). After this, the final suspension was allowed to 
settle for 10 min. in an ice bath, in a 15-ml plastic centrifuge tube. 
The single-cell suspension was pipetted off and the larger debris was 
discarded. The cell suspension was treated once or twice with the 
hemolytic solution, as described before for buffy coat cells, washed 
twice and resuspended in cold HBSS without Ca ' and Mg and containing 
5% FBS. Cell counts were made from all the single-cell suspensions 
(including whole buffy coat cells and purified mononuclear cells) and 
the percentage of viable cells was determined by trypan blue exclusion 
staining. 
Quantitation of infectivity associated with the spleen, buffy coat 
and bone marrow cell suspensions was performed by infectious center assay 
as previously described (Osorio and Reed, 1983). Briefly, a typical 
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single-cell suspension was pelleted after cell counting, and resuspended 
in Dulbecco's modified Eagle's high glucose medium (DMEM) with 10% FBS 
at cell concentrations of 10^, 10^, or 10^ viable cells/ml. Immediately 
before plating on the monolayers, 1.2 ml of each cell dilution was 
thoroughly mixed at 37°C with 1.2 ml of fluid agar overlay medium, 
composed of DMEM with 10% FBS, 1.2% agar (Seaplaque, Marine Colloids, 
FMC Co., Rockland, ME) and antibiotics. Aliquots of 0.1 ml of this 
mixture were plated on each well of 24-well plastic tissue culture 
plates containing freshly seeded Big cell monolayers from which all the 
culture fluid previously had been removed. The final total number of 
6 4 3 
cells inoculated from each dilution was 5 x 10 , 5 x 10 , and 5 x 10 
cells per well respectively. After this layer had solidified, an 
additional 1 ml of agar overlay medium (0.6% agar) was added. The plates 
were incubated for 8 days, and screened with an inverted microscope for 
foci of viral cytopathic effect (CPE). Foci of CPE were counted 
and expressed as infectious cells per 10^ viable cells assayed. 
The infectious center assay always was performed in duplicate. 
A triplicate assay was performed on cells killed by 2 consecutive cycles 
of freezing and thawing as a control to verify the requirement of cell 
integrity for virus rescue. 
Spleen Cell Separation by 
Nylon Wool Columns 
The nylon wool (LP-1 Leuko-Pak, Leukocyte Filters, Fenwall Lab., 
Deerfield, XL) was washed, dried and packed in plastic syringes according 
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to the protocol described by Henry et al. (1980). A 20-inl syringe was 
packed up to the 12-ml mark with 1.2 g of washed and dried nylon wool 
and sterilized by autoclaving. Prior to the addition of the cell 
suspension, the column was thoroughly rinsed with 50-100 ml of pre-warmed 
MEM with 10% FBS then filled with this medium to cover the nylon wool, 
agitated with a pipette to release air bubbles and finally incubated at 
37°C for 1 hour. Then, 2 x 10^ viable spleen cells, prepared as described 
above in 2 ml of MEM with 10% FBS, were added to the column and incubated 
for 45 minutes. The nonadherent cells were eluted with 40 ml of pre-
warmed MEM with 10% FBS, at about a rate of 1 drop per second, and 
collected into plastic graduated centrifuge tubes. After this, the 
adherent cells were removed from the column by adding cold HBSS without 
++ -H-
Ca and Mg to the column and extruding the fluid with the plunger. 
Analysis of the adherent and nonadherent cell fractions resulting from 
nylon wool column separations showed that the nylon wool adherent 
fractions contained at least 60% surface immunoglobulin-bearing cells 
and 30% esterase positive cells while the nonadherent fraction had £10% 
surface immunoglobulin bearing cells and negligible (<1%) esterase 
positive cells. The viability of both fractions was greater than 90%. 
Spleen Cell Separation by Affinity Chromatography 
The affinity columns used for rabbit spleen B and T cell separation 
contained 250 ym beads coated with anti-rabbit IgG (heavy and light 
chain specific) antibody (Affi-Gel Cell Sorting Systems, Cat. No.: 
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153-6009, Bio-Rad Lab., Richmond, CA). The preparation of the column 
was done according to manufacturer's instructions. The single spleen 
cell suspension (2 x 10^ cells) was incubated for 20 min. at 37°C to 
remove cytophilic immunoglobulin. The cells then were applied directly 
to the anti-rabbit IgG cell sorting beads in 1.5 ml of PBS-azide 
(0.15 M NaCl, 0.1% NaN^, pH 7.35). The cells were incubated in the column 
for 60 minutes at 4°C. The nonadherent fraction was eluted by passing 
4 to 8 bed volumes of cold PBS-azide through the column. The release 
of the adherent cells required a further 20 min. incubation at room 
temperature with a competitive ligand (NH^SO^ - precipitated rabbit 
IgG fraction) followed by vigorous pipetting of the bed and rinsing 
with several bed volumes of PBS-azide. The percentage of surface 
iiranunoglobulin-bearing cells in the adherent fraction was, in all cases, 
higher than 80%, and in the non-adherent fractions less than 15%, with 
viability in both cases ^90%. 
Solid Phase Cell Separation Using Ligand-coated Plastic 
Surfaces ("Panning") 
Two different kinds of ligands were applied to the selective 
deletion by solid-phase fractionation, of T or B cells from rabbit 
spleen suspensions. The affinity reagent used for "panning" of T cells 
was the monoclonal antibody Lll/135 with specificity for surface 
differentiation antigen of all rabbit T-cells (Jackson et al., 1983). 
To prepare this reagent the hybridoma cell line Lll/135 was obtained 
87 
from the American Type Culture Collection (ATCC, Rockville, MD, 
Cat. No. TIB-188) and was maintained in our laboratory by in vitro 
culture with RPMl-1640 supplemented with 15% FBS. Fresh subcultures 
of this hybridoma cell line were used to inoculate intraperitoneally 
pristane (2,6,10,14-tetramethylpentadecane, Sigma Chem. Co., St. Louis, 
MO) - treated Balb/c mice, with a dose of 5 x 10^ viable cells/mouse. 
Ascites fluid was collected at 10 to 20 days postinjection by peritoneal 
canulation of the mice that were carrying the Lll/135 hybridoma. The 
IgG fraction was isolated from the ascites fluids by ammonium sulfate 
precipitation and further resuspension in phosphate-buffered saline (PBS). 
The specificity of this product was tested by fluorescent antibody 
surface staining of viable newborn rabbit thymocytes. The monoclonal 
antibody was used as the first antibody and a fluorescein isothyocyanate 
(FITC) conjugated goat anti-mouse IgG (F.ab)^ fragment (Cappel Lab., 
Westchester, PA, Cat. No. 1311-0081) was used as the staining conjugate. 
The monoclonal antibody Lll/135 exhibited an end-point titer of membrane 
fluorescence (thymocyte specific) of 1/8000. 
The affinity reagent used for "panning" of B cells was an affinity 
purified goat anti-rabbit IgG (heavy and light chain specific) (Fab')^ 
Fragment (Cappel Lab., Cat. No. 0612-3151, Westchester, PA). To perform 
the "panning", the corresponding ligand was diluted with PBS to a con­
centration of 25 pg/ml and 5 ml of this solution was coated into leveled 
100 mm bacteriological grade petri dishes (Cat. No. 8-751-13, Fisher 
Scientific Co., Pittsburgh, PA). After overnight incubation at 4°C, 
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the ligand solution was removed, and the plates were washed extensively 
with PBS. A 5-ml aliquot of cold HBSS without Ca"^ and Ng^ was coated 
on each plate and allowed to stand for 30 min. at 4°C. After this, 
the plates were washed again with PBS. Finally, the cells to be 
separated were suspended in cold HBSS without Ca^ and Mg"*^, plated at 
2 X 10^ cells/5 ml/plate and incubated at 4°C, on a level surface, 
for 1 hour. After this incubation, the nonadherent cells were aspirated 
and plated onto a second series of dishes coated with the same ligand 
for an additional 1 hour incubation, at 4°C. After the second incubation 
the nonadherent fraction was removed for further tests. The described 
methodology allowed the selective deletion of B or T cells from the 
single-cell spleen suspensions resulting in "T-enriched" or "B-enriched" 
populations. Also, through the successive deletion of T and B cells 
("double panning") it was possible to prepare "non-T, non-B" populations. 
The composition of each of these cell populations is described elsewhere 
in the test (see Results). 
Cell Separation by Adherence to Plastic Surfaces 
Unfractionated or enriched spleen single-cell suspensions were 
suspended at 5 x 10^ cells/ml in MEM containing 30% FBS. The cells were 
added to 60-mm Costar plastic tissue culture with 2 mm grid (Costar. 
Cat. No. 3160, Cambridge, MA) at 3 ml/plate. The cells were incubated 
undisturbed for 24 or 48 hrs, at 37°C, in a humidified atmosphere with 
7% CO^. After this incubation the nonadherent cells were removed by 
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washing the plates vigorously several times with warm MEM containing 
30% FBS. The plates containing the adherent cells were coated with Big 
cells. A representative number of plates was not coated with indicator 
cells and the adherent cells were fixed and stained with either non­
specific esterase or hematoxylin-eosin staining. The cells contained 
2 in a standard area of the plates (12 mm , or the surface area of 3 
squares of the tissue culture plate grid) were counted and the total 
number of adherent cells per plate was calculated. At least 90% of the 
adherent cells were macrophages, with positive cytochemical staining and 
morphology. The plates in which the adherent cells were co-cultured 
with Big cells were screened periodically for foci of viral CPE, as 
previously described. 
Immunocytolysis 
Specific lysis of B cells was performed in cell suspensions which 
had been enriched for B-lymphocytes by nylon wool filtration or "panning" 
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of T-cells. A sample of 1.2 x 10 cells was pelleted and resuspended 
in 1 ml of an anti-rabbit immunoglobulin (IgA+IgG+IgM) goat serum 
(Cappel Lab. Cat. No. 0112-0231, West Chester, PA) diluted 1:5 in PBS. 
The cells were incubated at 4°C, for 1 hr, with periodic shakings of 
the reaction mixture. After this incubation, 1 ml of low-toxicity 
guinea pig complement (Cedarlane Laboratories, Cat. No. CL4051, Hornby, 
Ontario) diluted 1:4 in HBSS was added and incubated for 30 min. in a 
37°C water bath. The viability of the treated cell suspension was 
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evaluated by trypan blue dye exclusion. The following controls were 
included: one sample of cells incubated with normal goat serum plus 
complement, one sample of cells incubated with anti-rabbit Ig serum 
plus HBSS, and one sample of cells resuspended in PBS or HBSS with no 
addition of serum or complement. This procedure killed consistently 
50 to 75% of the nylon wool adherent cells present in rabbit spleens. 
Membrane Immunofluorescence of 
Lymphoid Cells 
The evaluation of the percentage of B cells in the rabbit cell 
suspensions was performed by pelleting the cells by centrifugation 
at 4°C, washing them once with cold PBS-azide, and incubating them with 
a 1:10 dilution of FITC-conjugated anti-rabbit IgM (vi chain specific) 
sheep IgG fraction (Cappel Laboratories, Cat. No. 1212-0204, West 
Chester, PA) for 30 min. at 4°C. The cells were then washed three times 
with cold PBS-azide and resuspended in a 1:1 mixture of glycerol and 
PBS-azide and mounted on slides for observation under a fluorescence 
microscope. The T-cell evaluation was performed by two-step staining 
at room temperature using a 1/200 dilution of monoclonal antibody Lil/135 
as the first antibody and a 1:25 dilution of FITC-conjugated goat anti-
mouse IgG (Rab')2 fragment (Cappel Laboratories, Cat. No. 1311-0081, 
West Chester, PA) as the second antibody. 
The percentage of each cell type was calculated by counting a 
representative number of cells (n^l50). 
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Peritoneal Exudate Cells (PEC) Collection 
Rabbits infected with Movar 33/63 bovine herpesvirus were injected 
intraperitoneally with 20 ml of aged 3% thioglycollate medium (Difco 
Lab., Detroit, MI). Five days later the animals were sacrificed by 
anesthesia and exsanguination. After exposing the peritoneal cavity, 
the PEC of the rabbits were collected by extensive and vigorous rinsing 
of the peritoneal cavity with a total of 250 ml of PBS (containing 
10 lU of heparin/ml), per animal. The cells were pelleted, resuspended 
and washed two times in MEM containing 20-30% FBS. The PEC were counted 
by trypan blue dye exclusion, and smears of these cells were stained 
and fixed for morphological and cytochemical identification. 
The quantitation of infectivity of PECs was performed as described 
for spleen cell populations. The PECs typically consisted of 40-50% 
mononuclear esterase positive cells, 40-50% polymorphonuclear cells and 
10-20% lymphocytes. 
Macrophage Identification 
Macrophages present in the unfractionated spleen cell suspensions 
or in the enriched populations were identified by non-specific esterase 
staining and by ultrastructural features. The slides for esterase 
staining were prepared by centrifugation of the cell suspension onto 
the slides and subsequent air drying. The staining was performed as 
described by Koski et al. (1976). For ultrastructural examination, the 
cells were pelleted by centrifugation and the cell pellets were fixed 
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in 3.5% glutaraldehyde in O.IM sodium cacodylate (Ph 7.2) for 6 hours 
at 4°C. The samples were postfixed with 1% buffered osmium tetroxide, 
dehydrated through an alcohol series, and embedded in epon-araldite. 
Thin sections were stained with uranyl acetate and lead citrate. 
To. test phagocytic function in the cells of non-T, non-B cell 
fractions, these suspensions were incubated with 0.05% of a suspension 
of 1 ym polysterene particles (Polysciences Inc., Warrington, PA) 
for 45 min. at 37°C. After 3 washes with PBS, the cells were 
centriguged on slides and fixed and stained for esterase function. 
Serology 
The antibody titers of sera of rabbits inoculated with Movar 33/63 
bovine herpesvirus were determined by the indirect fluorescent antibody 
test (IFAT), using Movar 33/63-infected bovine lung cells as the antigen 
and FITC-conjugated goat anti-rabbit IgG (Cappel Lab., West Chester, PA) 
as the second antibody. The IFAT for each animal included also the 
titration of one sample of pre-inoculation serum against both the 
Movar 33/63 strain and the rabbit isolate herpesvirus cuniculi 
(Nesburn, 1969). For this test, the latter isolate (American Type 
Culture Collection, Rockville, MD) was propagated in tissue culture 
slides (Lab-tek Product Div., Miles Lab., Naperville, IL) containing 
confluent monolayers of primary rabbit kidney cell cultures which were 
fixed for IFAT when advanced CPE was evident. 
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RESULTS 
Movar 33/63 Tissue Distribution after Experimental Inoculation 
of Rabbits 
The distribution of the Movar 33/63 herpesvirus in various tissues 
after ocular or intravenous inoculations is given in Fig. 1. The 
Movar 33/63 herpesvirus was recovered from a wide variety of tissues, 
by the use of techniques that preserve cell integrity (expiant and 
co-cultivation). As shown in Table 1, cell-free infectious virus was 
only detected in conjunctival secretions and homogenates of buffy coat 
and spleen, with the highest titers being in the spleen. The virus was 
detectable in homogenates only up to 7 DPI. Beyond this date, co-
cultivation or explantation were required for virus detection. The 
"early peak of extracellular infectivity in the spleen correlated with 
the highest number of infectious spleen cells, as measured by co-
cultivation (Table 1)« In the early PI period, the highest infectious 
cell titer was 1 infectious cell per 10^ spleen cells (animal 041, 3 DPI, 
Table 1). The extent of infectivity decreased significantly after 
Day 7 PI to much lower levels in which viral infectivity persisted for 
long periods of time (Table 1). 
Virus was recovered from the expiant cultures of all of the organs 
tested (Fig. 1). From the samples of day 3 PI, only the spleen 
expiants produced infectious virus, while the rest of the organ expiants 
shed the virus when taken at day 5 PI (lung and bone marrow) and day 
94a 
n=10 
n=51 
o 
o 
in 
CO 
.1 
"E 
< 
> 
'ot 
o Q. 
0) 
E 
3 
z 
"O 
<0 
w 
"(5 
E 
"c 
< 
0) 
la 
£ 
100 
75 
50 
25 
n=15 
n=16 
n=16 
n=16 
n=16 
VO 
-p~ 
cr 
Early PI Period (<10DPI) Persistent PI Period (>4 weeks - < 49 weeks) 
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Kidney 
Buffy Coat 
Spleen 
Table 1. Infectivlty associated to selected organs of rabbits inoculated with Movar 33/63 bovine 
herpesvirus and sacrificed at different times PI 
Animal 
Identification 
number Route 
Days 
PI 
Infectivlty detected by 
co-cultivation 
Cell-free virus titers^ 
Spleen 
Buffy 
coat 
Bone 
marrow Spleen 
Buffy 
coat Eye 
040 Eye 3 2.1* 0.66 § 2.8 1.9 2.05 
041 IV 3 10 3.3 2.4 4.1 2.05 
042 Eye 5 4.5 0.8 1 4.7 1.9 3.5 
043 IV 5 4.7 0.42 0.33 2.05 1.9 • • « 
044 Eye 7 2.1 Neg t 1.9 Neg 1.9 
045 IV 7 0.42 0.17 3.0 Neg • • • 
046 Eye 10 1.7 Neg Neg Neg Neg 
047 Eye 10 1.66 Neg Neg Neg Neg 
010 IV 15 9.8 0.17 Neg Neg 
014 It 25 0.33 Neg Neg Neg 
019 II 48 0.5 0.1 ND Neg Neg 
021 II 56 0.8 Neg Neg Neg 
022 II 56 0.66 Neg Neg Neg 
033 II 91 1.7 0.5 0.25 Neg Neg 
035 II 142 0.42 Neg 0.08 Neg Neg 
032 II 239 1.1 0.2 . . . Neg Neg 
Titer (ICA); No, of Infectious cells/10^ cells. 
Infectivlty of tissue homogenate (10% w/v) expressed in log TCID__/ml 
(titers <10^*® TCID^g/ml = Negative). 
^Neg = Infectivlty not detected. 
§ 
. . . = Test not performed. 
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7 PI (salivary glands, and liver). This level of viral rescue 
decreased later in the infection period (Fig. 1) in all the organs 
and blood cells, except the spleen. The spleen exhibited the highest 
infectious titers during early PI period and virus was recovered from 
spleens in 100% of the tested animals throughout the whole experiment 
(acute and persistent periods) (Fig. 1., Table 1). Virus was recovered 
both from spleen cells in co-culture with bovine lung cells and from 
the fluid of expiant cultures established from the same spleen, which 
were not being co-cultivated with any indicator cell. The incubation 
time necessary for appearance of viral CPE on the indicator bovine 
lung cells fluctuated from 4 to 8 days. This pattern was consistent 
throughout the entire persistent infection period. Beyond day 7 PI, 
disruption of the spleen cells by 2 cycles of freezing and thawing 
always precluded the detection of the infectious centers. 
Viremia was detected during the early PI period as cell-free 
infectious virus associated with whole buffy coat cells. The Movar 
33/63 titer in blood was consistently lower than in spleen (Table 1). 
Beyond this early "acute" replication period, virus was rescued 
intermittently from buffy coat cells co-cultured with detector mono­
layers, Out of 16 animals tested (from 10 days PI to 49 weeks PI), 
only 6 ('^40%) exhibited cell-associated viremia (Fig. 1). The titer of 
this periodic viremia was always lower than the corresponding titer 
in the spleen of the animal (Table 1). The mononuclear cell bands 
obtained by density gradient centrifugation of peripheral blood did 
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not exhibit an increased frequency of infectious cells (data not 
shown). 
No evidence of histologic injury was found in any of the organs 
assayed. The spleens exhibited a substantially increased number of 
granulocytes. No concomitant splenomegaly was observed. 
Infectivity of Fractionated Spleen Cells 
Nylon wool filtration 
The results of nylon wool filtration of spleen cells from rabbits 
infected with Movar 33/63 herpesvirus are presented in Table 2. The 
nylon wool was effective in concentrating B-cells, as is apparent from 
the percentages of cells bearing surface immunoglobulin in the nylon 
wool adherent fractions'compared with the original spleen suspension' 
and the eluate fraction. Importantly, the nylon wool filtration also 
concentrated esterase positive cells (Table 2). Concomitant with the 
enrichment for B-cells and macrophages, the nylon wool-adherent fraction 
was enriched for infectious cells, as is apparent from the data in 
Table 2. The nylon wool nonadherent fractions contained only slight 
residual infectivity or none at all. 
Affinity chromatography columns 
The affinity chromatography on polysterene beads coated with a 
B-cell ligand was also effective in concentrating B-cells, as shown 
Table 2. Effect of nylon wool filtration on the infectivlty associated with spleen cells from 
rabbits infected with Movar 33/63 bovine herpesvirus 
Rabbit No . 005 (45 DPI) Rabbit No. 012 (78 DPI) Rabbit No. 039 (5 DPI) 
Fraction 
* 
Titer slg"^ EA^ Titer 
_ + 
Sig EA"*" Titer _ + Sig EA"^ 
Nylon wool 
adherent 1.0 78 30 1.5 75 25 7.3 80 28 
Nylon wool 
nonadherent 0 5 1 0.1 5 1.5 0.25 2 5 
Original spleen 
suspension 0.6 35 20 1.2 48 18 5 45 15 
Titer (ICA); No. infectious cells/10^ cells. 
-f* -f. 
sig = % of cells bearing surface immunoglobulin 
= % of esterase positive cells. 
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in Table 3, however, there was no accompanying enrichment for infectious 
cells. 
Solid-phase affinity ligand separation ("Panning") 
The results of T and B cell panning in spleen cell suspensions 
obtained from infected rabbits are given in Table 4. A typical B-
enriched fraction obtained after two successive cycles of "panning" 
consisted of at least 70% lymphocytes, of which ^ 98% were slg"*" cells 
and contained negligible T-cells (as detected by surface fluorescence). 
The remaining 30% corresponded mostly to macrophages (esterase positive 
cells) and other non lymphoid contaminating cells (i.e., polymorpho­
nuclear and fibroblast-like cells). Likewise, a T-enriched fraction 
contained approximately ^ 70% lymphocytes, of which ^ 98% was L11/135 
positive (T) cells with only "traces" of B cells. The remaining 30% 
consisted primarily of macrophages plus some polymorphonuclear and 
fibroblastic cells. Both B- and T-enriched fractions exhibited 
substantially higher frequency of infectious cells than did the whole 
spleen cell suspensions. The increase of the infectious titers of the 
enriched fractions with respect to the original titer ranged from 
almost 2-fold to several-fold. 
Deletion of the B cells from B-enriched fractions or the T cells 
from T-enriched fractions significantly increased the infectivity titer 
of the resulting non-T, non-B cell fractions (Table 4). These non-T, 
non-B cell fractions consisted of 75-80% esterase positive cells with 
Table 3. Effect of B and T-cell separation by affinity chromatography (Bio-Rad column) 
on the infectious titers associated with the spleen cells from rabbits experimentally 
infected with Movar 33/63 bovine herpesvirus 
Rabbit No. 003 Rabbit No. 004 Rabbit No. 013 Rabbit No. 36 
Fraction (470 PI) (65 DPI) (98 DPI) (5 DPI) 
Adherent 0.15 0.18 0.3 3.6 
Eluate 0.10 0.13 0.35 3.0 
Original spleen J 
suspension 0.12 0.12 ^3". 7 3.3 
Percentage of alg"*" 
cells in adherent 
fraction 80 75 81 77 
Titer (ICA): No. infectious cells/10^ cells. 
Table 4. Infectious titers associated to unfractionated and fractioned spleen cell populations 
from rabbits experimentally inoculated with Movar 33/63 bovine herpesvirus T-enriched 
and B-enriched fractions were obtained by llgant-coated solid phase separation of spleen 
cell suspensions ("panning"). A second cycle of "panning" directed to delete the 
predominant type of lymphocyte from these enriched fractions produced the non-T, 
non-B fractions 
Animal Original 
identification Days spleen T-enrlched B-enriched Non-T, non-B 
number PI suspension fraction fraction fraction 
048 5 4 9 + 14.7 
049 5 6 24.6 • • • 45 
051 5 3.7 14 • • • 24 
023 86 0.4 0.7 3.7 
024 87 1.4 5 11.4 
025 89 0.5 1.2 2.9 
006 90 0.5 1.7 2.5 
008 140 0.7 1.1 • • • 10 
050 5 2.1 • • • 7.6 15 
037 5 4.5 • • • 12.9 27 
038 5 2.2 • • • 7.8 15 
026 87 1.5 • • • 3.2 6.3 
027 89 2.4 
028 90 0.4 
029 91 0.5 
009 142 0.4 
Titer (ICA): No infectious cells/10^ cells 
+. . . Test not performed. 
5.7 
0.8 
2.4 
2 
37 
5.1 
7,1 
5.6 
o 
Is) 
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no more than 5% of lymphoid cellj. By fluorescence identification, 
it was determined that these suspensions did not contain more than 
1% residual T or B lymphocytes. 
Pure T-cell suspensions 
T-enriched fractions were obtained by panning of spleen cells 
from infected rabbits, and submitted to two cycles of nylon wool 
filtration. The final eluate contained ^ 99% T-lymphocytes, with 
negligible esterase positive cells or other non-lymphoid cells. This 
pure T-cell preparation contained no infectious centers (Table 5). 
Immunocytolysis 
After obtaining a B-enriched fraction by "panning", a sample of 
this population was submitted to negative enrichment of B-cells by 
selective immunocytolysis targeted to these cells. In three different 
assays (Table 5) the efficiency of cell killing by goat anti-rabbit 
Ig + C' amounted to 55%, 58% and 65% respectively. A surface fluorescence 
test after the cytolysis treatment showed that residual sig' cells 
amounted to <10%. A second identical aliquot of B-enriched fraction 
cells was submitted to a total cell disruption by two consecutive cycles 
of freezing and thawing. The selective killing of B-cells did not impair 
further virus rescue, while killing of all of the cells completely 
precluded the virus reactivation (Table 6). 
Table 5. Infectious titers associated with unfractionated and fractionated spleen cell 
populations from rabbits experimentally inoculated with Movar 33/63 bovine 
herpesvirus. T-enriched fraction was obtained from original spleen suspensions 
by ligand-coated solid-phase separation ("panning"), Further filtration (2x) 
of this T-enriched fraction through nylon wool produced a 100% T-cell fraction 
Animal Original 
identification Days spleen 100% T-cell 
number PI suspension T-enriched fraction fraction 
034 5 8.3 33.3 0 
006 56 0.7 3.1 0 
007 95 1.5 2.2 0 
001 104 0.21 4.5 0 
Titer (ICA); No. infectious cells/10^  cells. 
6. Infectious titers associated with unfractionated and fractionated spleen cell 
populations from rabbits experimentally Inoculated with Movar 33/63 bovine 
herpesvirus. B-enriched fractions were obtained from original spleen suspensions 
by ligand-coated solid-phase separation ("panning") and submitted to different 
treatments 
Treatment of B-enrlched fraction 
Animal 
IdentlfIcatlon 
number 
Days 
PI 
Original 
spleen 
suspension 
None B-cell killing Freezing and 
thawing 2x 
Oil 56 
+ 
0.4 1.9 2 0 
021 95 0.7 4.5 4.5 0 
030 105 1.4 8.1 7.8 0 
Immunocytollsls by anti-rabbit Ig + low-tox guinea pig C . 
T^lter (ICA): No. Infectious cells/10^  cells. 
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Plastic-adherent cells 
Table 7 shows the infectivity associated with plastic-adherent 
and nonadherent cells from spleens of infected rabbits. By incubating 
the spleen suspension (5 x 10^  cells/ml) for 48 hours on the plastic 
surface an adherence of approximately 3-5 x 10^  adherent cells/60 mm 
plate/3 ml of suspension coated was obtained. Under these conditions, 
it was possible to detect virus carried in the adherent cells only 
when the infectivity titer of the suspension coated was high (Table 7). 
The virus was detected easily in the spleen adherent fraction of 
acutely infected (^ 5 DPI) rabbits, as well as persistently infected 
rabbits which displayed high infectivity titers in their spleen cell 
suspensions. Likewise, when highly infectious, non-T, non-B cell fractions 
obtained by "panning" of spleen cells were fractionated in adherent and 
non-adherent cells by 24 hour incubation on plastic surfaces, the 
infectivity was distributed evenly in both fractions. 
Peritoneal exudate cells 
Table 8 shows the infectivity associated with PEC fractions. 
Activated peritoneal macrophages were recruited by thioglycollate 
stimulation of persistently infected rabbits. These peritoneal exudate 
cell suspensions contained great number ('^ 50%) of macrophages which 
were positive by esterase staining, displayed highly vacuolated 
cytoplasms and adhered strongly to plastic or glass in only two hours. 
Table 7. Irifactivity associated with unfractionated and fractionated spleen cell populations 
from rabbits experimentally Inoculated with Movar 33/63 bovine herpesvirus. 
Adherent spleen cells were separated by coating the spleen cell suspension on plastic 
tissue culture plates for 48 hours. Separation of adherent cells from non-T, non-B 
cell fraction was performed by incubation on plastic surfaces for 24 hours 
Non-T, non-B Fraction 
Presence of 
Animal Original virus in spleen 
Identification Days spleen adherent Non 
number PI suspension fraction Unfractionated Adherent adherent 
042 5 4.5* + ^  . . .t 
021 48 0.7 NegT 
002 287 0.66 Neg 
017 154 5.6 + 
022 56 0.5 Neg 
018 84 2.2 + 
020 94 0.9 Neg . . .  . . .  
023 86 0.4 . . .  3.7 3.9 4.5 
029 91 0.5 .  .  .  7.1 6 6 
Titer (ICA); No. of infected cells/10^  cells. 
. . .: Not performed. 
Neg: Not detected. 
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There was no evidence of a higher frequency of infectious cells 
in these PECs. 
Table 8. Infectivity associated with spleen cells and activated 
peritoneal macrophages of rabbits experimentally inoculated 
with Movar 33/63 bovine herpesvirus. The animals had been 
treated with 20 ml of 3% thyoglicollate, via IP, 4 days 
prior to sacrifice and collection of spleens and peritoneal 
exudate cells 
Animal Original Peritoneal 
identification Days spleen exudate 
number PI suspension cells 
* t 015 185 0.66 Neg 
016 189 1.7 Neg 
017 193 1 0.17 
Titer (ICA): No infectious cells/10^  cells. 
t 
Neg: Not detected. 
Morphological and Functional Aspects of the Highly 
Infectious Non-T, Non-B Fractions 
An ultrastructural examination of the cells constituting the highly 
infectious non-T, non-B fraction showed that the vast majority (85% of 
cells examined) had features compatible with splenic macrophage origin 
(Figs. 2 and 3). Many of these cells contained irregular, electron 
dense inclusions, with lysosomal granules composed of a relatively dense 
material found throughout the cytoplasm. Filaments could be seen also 
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Fig. 2 Mononuclear phagocytic 
population from rabbit 
cell that composes a non-T, non 
spleen. Bar = 4 um (x 10,000) 
110 
Fig. 3 Mononuclear phagocytic cell that composes a non-T, non-B 
cell population from rabbit spleen. Bar = 4 ym (x 7,500) 
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through the cytoplasm. Larger phagocytic vacuoles were very abundant, 
with a heterogeneous content of particulate or granular material, 
myelin figures and crystalline material. Paeudopodia and phagocytic 
arms, generally devoid of organelles, were very abundant. Besides 
macrophages, a small percent of polymorphonuclear cells, lymphoid 
cells and cell debris were present. 
The ultrastructural observations correlated with the esterase 
staining reaction of the non-T, non-B suspensions which showed that 
8^0% of the cells were positive for esterase. Not more than 2% of 
the cells were spindle-shaped esterase negative fibroblasts. 
The assay of phagocytosis of latex particles indicated that at 
least 60% of the cells phagocytosed particles. All of the cells which 
phagocytosed latex particles were esterase positive. The intravesicular 
location of the latex particles was confirmed by electronmicroscopy. 
A comparison of the morphology and phagocytic function of the 
adherent and non-adherent fractions of the highly infectious non-T, 
non-B cell suspension proved that both populations were similar as 
regards their macrophage content. 
No evidence of herpesvirus particles or inclusions could be 
detected in the non-T, non-B fraction by either light or electron-
microscopy. 
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DISCUSSION 
In general, the features of the experimental inoculation of 
rabbits with Movar 33/63 bovine herpesvirus mimics the infection in 
the natural host (Osorio and Reed, 1983). Attempts to infect mice 
of inbred and outbred strains with Movar 33/63 were fruitless 
(unpublished information). 
Although the tissue distribution pattern of Movar 33/63 herpesvirus 
indicated an early involvement with a wide series of organs, it is 
apparent that a short (^ 7 DPI) active replication period was limited 
primarily to spleen, and to a lesser extent, to circulating leukocytes 
and conjunctival mucosa, with no detection of infectious virus in any 
other organ homogenate. The extracellular infectivity associated with 
spleen reached its peak at day 5 PI. This peak of extracellular virus 
correlated with the maximum frequency of infectious splenic cells at 
the same PI period (Table 1). Furthermore, the spleen was the only 
organ from which Movar 33/63 herpesvirus was recovered consistently 
beyond the "acute" replication period. The recovery took place in all 
(n=51) of the animals tested (Fig. 1). It seems apparent that when 
Movar 33/63 is inoculated into rabbits the spleen constitutes the 
primary organ of replication and persistence. The splenic association 
resembles several other examples of herpesviruses with lymphoreticular 
tropism, as is the case with murine cytomegalovirus (MCMV) (Henson 
et al., 1972; Mims and Gould, 1978a; Wise et al., 1979; Jordan and 
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Mar, 1982; Katzenstein et al., 1983), guinea pig cytomegalovirus 
GPCMV) (Griffith et al., 1981), guinea pig herpes-like virus (GPHLV) 
(Tenser and Hsiung, 1976) and tree-shrew herpesvirus (Darai and Koch, 
1984). Peaks of infectivity in spleen homogenates of mice infected 
with MCMV have been reported to occur between day 4 and 7 PI (Wise 
et al., 1979; Katzenstein et al., 1983) with further detection of the 
cell-free virus infectivity until almost 1 month PI (Wise et al., 1979). 
Likewise, these peaks of infectivity during MCMV infection of mice are 
accompanied by a relatively intense splenic necrosis (Mims and Gould, 
1982a, Katzenstein et al., 1983) and are usually followed by a shift of 
the active replication of MCMV from the spleen to the salivary glands 
(Wise et al., 1979) and to the liver (Katzenstein et al., 1983), with 
a concomitant histopathological evidence of MCMV activity in those 
organs. In these cases, the salivary gland homogenates of mice infected 
with MCMV can be infectious for long periods of time (Henson et al., 
1972; Jordan et al., 1977). In our experiments with Movar 33/63 herpes­
virus inoculated into rabbits, no evidence of histologic injury could 
be detected in any organ and no active replication of virus took place 
in the salivary glands or liver of the animals. Nevertheless, these 
differences conceivably could be due to the fact that our experiments 
were carried out with a cell culture-propagated strain of Movar 33/63 
herpesvirus inoculated into an experimental host (which per se can be 
less permissive than the natural host). It is well-known that passage 
of MCMV or GPCMV in cell cultures rapidly decreases the ability of these 
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viruses to replicate and to produce histologic lesions in organs 
(Osborn and Walker, 1970; Tenser and Khiung, 1976). It would be of 
interest to determine if back-passages of Movar 33/63 herpesvirus 
through cattle (or rabbits) would increase the organ involvement 
and histopathologic features of the infection as is the case with MCMV 
and GPCMV. 
Although no infectious Movar 33/63 herpesvirus was recovered from 
homogenates of organs or cells other than spleen and buffy coat, the 
virus was easily recovered, during the early PI period (_<10 DPI), 
from the expiants of lung, kidney, liver, and salivary glands and from 
co-cultures of bone marrow cells. The level of virus rescue from these 
organs decreased significantly later in the infection (>28 DPI) with 
a corresponding decrease in the frequency of infectious cells in the 
spleen. Likewise, the cell-associated viremia became an intermittent 
finding. At all times the virus was recovered more easily from the 
spleen than from any other organ, suggesting the existence in the spleen 
of a higher frequency of cells harboring the Movar 33/63 herpesvirus. 
The spleen and buffy coat also were the earliest sites of detection 
of infectious virus after inoculation (3 DPI). From all of the above, 
it could be concluded that the Movar 33/63 herpesvirus actively replicates 
in the spleen (and to some extent in peripheral blood leukocytes) and 
that in association with infected leukocytes the virus travels to the 
different organs, in which no detectable further replication occurs, 
but in which the infectivity remains associated with cells. It remains 
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to be seen whether the infectivity rescued from each of the organs 
(other than spleen) represents a true infection of the cells composing 
the different organs or if it represents association of the virus with 
a single ubiquitous type of migratory infectious cell carried in the 
circulation. 
Some persistently infected rabbits presented a naturally high 
infectivity associated with their spleen cell suspensions (Table 4, 
Rabbit No. 027; Table 7, Rabbits No. 017 and 018). The similarity of 
their spleen cell suspension titers with those of acutely infected 
rabbits would suggest the possibility of these animals presenting 
spontaneous in vivo reactivations. However, no evidence of cell-free 
infectious virus was found in the spleen homogenates of these animals. 
Cell integrity always was a requirement for virus rescue beyond 
the 'acute' early PI period. It was necessary to incubate the co-cultures 
(ICA) of spleen cells for a period of 4 to 8 days for the viral CPE to 
become evident in the detector monolayer (with most of the foci of CPE 
appearing at days 5 or 6 and rarely later than the 7th day). Likewise, 
spleen expiant supernatants started to contain reactivated infectious 
virus around days 4 and 5 post-explantation. This range of time is 
significantly shorter than the reported incubation times of ^ 10 days 
(Henson et al., 1972) or 12-18 days (Jordan and Mar, 1982) required to 
detect reactivated MCMV, Nevertheless, the Movar 33/63 infected spleen 
cells fulfill the commonly used operational definition of latent infectious 
centers (Hudson et al., 1977). They contain at least rescuable virus 
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genomes which will produce free infectious virus when assayed as whole 
viable spleen cells, but, if disrupted prior to incubation, no infectious 
virus will be detectable. Whether the differences between the required 
incubation periods for reactivation of MCMV and Movar 33/63 herpesvirus, 
actually reflect a different stage of latency of the viruses in their 
target cells, or should only be assigned to méthodologie differences 
is still not known. The incubation time required for reactivation of 
Movar 33/63 herpesvirus in our experiments resembles the short periods 
of time (3-4 days) in which MCMV was rescued from latently infected 
peritoneal macrophages (Brautigam et al., 1979). 
The reactivation of Movar 33/63 herpesvirus took place with the 
same frequency and required the same incubation time when either expiant 
techniques or co-cultivation with bovine lung cell monolayers were used. 
There was no evidence for any stimulatory effect of the allogenic 
monolayer that would increase or speed the viral recovery. This is at 
variance with one of the models of latency reported for MCMV (Olding 
et al., 1975) in which MCMV was recovered by co-cultivation of spleen 
B-cells when these cells were cultured with allogenic indicator cells 
but not when syngeneic monolayers were used. This requirement was not 
confirmed by others (Mayo et al., 1978; Wise et al., 1979; Jordan and 
Mar, 1982). 
Our data on spleen cell separation suggest that splenic macrophages 
might be the site of acute replication and persistence of Movar 33/63 
herpesvirus. Support from this comes from the following observations: 
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1) the virus resides in the non-T, non-B spleen cell subpopulation, 
2) the infectious cell is plastic and nylon wool-adherent, 3) is. 
contained in higher frequency in cell preparations highly enriched in 
esterase positive cells, 4) no virus was rescued from purified T-cell 
suspensions, 5) selective killing of B-cells in a highly infectious 
B-enriched fraction did not impair the virus rescue, suggesting that 
the B-cells of the spleens of rabbits infected with Movar 33/63 do not 
harbor the virus. 
In the literature, there are several reports of herpesviruses 
replicating and persisting in macrophages. GPCMV was found to infect, 
replicate and persist in splenic macrophages and B-enriched fractions 
of inoculated guinea pigs (Griffith et al., 1981). MCMV replicates 
early in splenic macrophages and this constitutes an amplification of 
the infection that contributes to a lethal MCMV infection (Katzenstein 
et al., 1983). Likewise, MCMV actively infects peritoneal mouse macro­
phages and can be rescued from peritoneal macrophages harvested from 
latently infected mice (Brautigham et al., 1979; Booss, 1980). Several 
authors have reported that MCMV can replicate ^  vitro in mouse macro-
phage-enriched cell fractions with relatively high (Tegtmeyer and 
Craighead, 1968; Brautigam et al., 1979; Drew et al., 1979, Shanley 
and Pesanti, 1980) or low (Loh and Hudson, 1979; Shanley and Pesanti, 
1983) efficiencies. Also, bone marrow (Gonzalez-Serva and Hsiung, 1980) 
and spleen (Griffith and Hsiung, 1979) adherent macrophages were demon­
strated to harbor latent GPHLV and to shed the virus after co-cultiva­
tion. 
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The sequential deletion of T and B cells and hence the concentra­
tion of all non-T, non-B cells was paralleled also by sequential 
concentration of the infectious cells. When the highly infectious 
non-T, non-B cell fractions were submitted to separation by adherence 
to plastic surfaces it became apparent that infectivity was associated 
with both adherent and non-adherent sub-populations. Furthermore, 
morphological and functional tests showed that no differences existed 
between those sub-populations, both being composed primarily of macro­
phages. This is in agreement with the reported fact that rabbit spleen 
is rich in non-adherent macrophages (Sogn and Jackson, 1983). There 
is also evidence that this is the case with mouse splenic macro­
phages (Bennett, 1966, Steinman et al., 1979). In our experiments, the 
number of macrophages that attached to plastic after coating of 
unfractionated spleen cell suspensions was very low. Only when the 
infectious titer of the spleen suspension was high was the number of 
attached cells enough for the detection of the infectivity associated 
with the adherent cells. 
We can not rule out the possibility of the Movar 33/63 herpesvirus 
being harbored in a different, as yet undefined, non-T, non-B splenic 
cell. For instance, we have to consider that in a non-T, non-B cell 
population, natural killer (NK) as well as non-phagocytic dendritic 
cells can be present. Also, the highly infectious non-T, non-B fractions 
obtained in our experiments contained a few polymorphonuclear cells. As 
we discussed above, the infectious cells are plastic and nylon wool 
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adherent. This would suggest that the infectious cells are not NK 
cells, as those are not properties of this cell type (Timonen, 1983). 
Likewise, we obtained during our experiments, cell preparations of 
bone marrow cells or peritoneal exudate cells which were highly enriched 
in polymorphonuclear cells. These cell suspensions exhibited signifi­
cantly lower infectious titers than the cells of spleen, organ in which 
the percentage of polymorphonuclear cells is much lower. This would 
help to rule out the possibility of the short-lived polymorphonuclear 
cells being the target for persistent Movar 33/63 herpesvirus. We 
lack information about the existence of a putative dendritic cell in 
rabbit spleens. This cell type has been described as a non-phagocytic, 
temporarily adherent cell that constitutes 1% of the murine spleen 
cells (Steinman et al,, 1979). It is interesting that this recently 
defined spleen cell type has been proposed as a possible site of MCMV 
in vivo replication (Mims and Gould, 1978a) and persistence (Mims, 1982). 
We failed to demonstrate a recruitment of infectious cells when 
tbioglycollate-activated peritoneal macrophages were harvested from 
persistently infected rabbits. These data do not necessarily contradict 
our results on the association of Movar 33/63 with splenic macrophages. 
Some reports demonstrated that subpopulations of macrophages differing 
in their state of differentiation vary in their permissiveness for 
herpesviruses and their ability to prevent infection with these agents 
(Plaeger-Marshall et al., 1983). Activated peritoneal macrophages 
were highly permissive for MCMV, according to some authors (Brautigam 
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et al,, 1979), while others report that activated peritoneal macro­
phages were highly resistant to MCMV infection (Mims and Gould, 1978b). 
There are significant biochemical and functional differences between 
migratory activated macrophages and the resident spleen mononuclear 
phagocytic cells (Morahan, 1980). Another explanation of the difference 
in infectious titers between peritoneal exudate cells and spleen 
macrophages could be that the thioglycollate activation brings into 
the peritoneal cavity large numbers of cells of the monocyte-macrophage 
series coming almost exclusively from the circulation (Metzner, 1981). 
Viremia of persistently infected rabbits was, in our experience, an 
inconsistent finding, with very low infectious titers or complete 
absence of infectious cells in the buffy coat. Because of this, it is 
possible that recruitment of mostly circulating macrophages failed to 
show increased infectivity associated with peritoneal exudate cell 
fractions. 
The ability of the Movar 33/63 strain to infect a non-related 
heterologous'host could appear as a challenge to the recently proposed 
classification of this group of viruses as cytomegalovirus (Storz et al,, 
1984). Classically the host restriction was accepted as one of the more 
consistent features of cytomegaloviruses. However, there are not clear-
cut criteria for assigning the name "cytomegalovirus" to an agent 
(Ho, 1982). Furthermore, it seems necessary to reevaluate these 
criteria. The characteristics recently enunciated for the cytomegalo­
virus group (Roizman et al., 1981) are; 1) a large molecular weight 
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of the viral genome (>120-130 x lO^ d, 2) a slow replicative cycle 
(>24 hrs), and 3) an vivo narrow host range, frequently restricted 
to the species or genus of the host. The group of slow growing bovine 
herpesviruses represented by the strain Movar 33/63 constitute an 
exception, to the requirement of genome size as the reported molecular 
weight of the DNA of these viruses (76-95 x lO^ d) is substantially 
lower than the molecular weight of CMVs' DNA (Ludwig, 1983; Sterz et al. 
1984). Also, many exceptions to the host restriction requirement are 
known to exist as regards vitro virus replication in primary cell 
cultures (i.e., equine CMV and GPCMV replication in rabbit cell lines) 
(Ho, 1982). It could be that the in vivo host range of many non human 
CMVs is broader, too, but that this fact merely went undetected. 
GPHLV resembles the Movar 33/63 group of bovine herpesvirus. This 
agent, once postulated to be similar to Epstein-Barr virus, (Tenser 
and Hsiung, 1976) does not exhibit any of the in vivo or in vitro 
lymphoproliferative characteristics of Gammaherpesvirinae, GPHLV and 
Movar 33/63 herpesvirus both are capable of establishing persistent 
infections in association with spleen in both their natural hosts and 
in rabbits (Lam and Hsiung, 1973), as does the recently described tree 
shrew herpesvirus (Darai and Koch, 1984). The latter agent, in spite 
of exhibiting many similarities with cytomegaloviruses, has not been 
assigned to any one of the existing herpesvirus subfamilies and instead 
has been proposed to represent a new herpesvirus subgroup (Darai and 
Koch, 1984). 
122 
Beyond any taxonomic considerations, the importance of the results 
herein reported stands by itself when we consider the ability of 
Movar 33/63 herpesvirus to interact with a host and, as a result of this, 
to establish an infection of the macrophages, which can then function 
as continuous reservoir of the agent. Then, Movar 33/63 herpesvirus 
seems to be one more viral agent for which the macrophage, instead of 
functioning as a defence cell, plays a significant role in the establish­
ment and perpetuation of infection (Mogensen, 1979). It will be of 
interest to determine the consequences of this persistent infection 
of macrophages as relates to the important immunoregulatory functions 
of these cells. This certainly could mark trends in the elucidation of 
the role of these ubiquitous herpesviruses in bovine disease. 
123 
ACKNOWLEDGEMENTS 
These experiments were partially supported by a grant from 
E. R. Squibb and Sons, Inc. The authors thank Ms. J. Wheeler for 
her excellent technical assistance. 
124 
REFERENCES 
Alexander, R. A., W. Plowright, and D. A. Haig. 1957. Cytopathogenic 
agents associated with lumpy-skin disease of cattle. Bull. Epizoot. 
Dis. Afr. 5:489-492. 
Bartha, A., M. Juhasz, and H. Liebermann. 1966. Isolation of a bovine 
herpesvirus from calves with respiratory disease and keratoconjuncti­
vitis. Acta Vet. Hung. 16(3):357-358. 
Belak, S., and V. Palfi. 1974. Characterization of a herpesvirus 
isolated from spontaneously degenerated bovine kidney cell culture. 
Acta Vet. Hung. 24:249-253. 
Bennett, B. 1966. Isolation and cultivation in vitro of macrophages 
from various sources in the mouse. Am. J. Pathol. 48:165-178. 
Booss, J. 1980. Establishment of cytomegaloviral infection in mice; 
Role of a macrophage-enriched subpopulation. J. Infect. Dis. 141: 
466-472. 
Brautigam, A. R., F. J. Dutko, L. B. Olding, and M. B. A. Oldstome. 
1979. Pathogenesis of murine cytomegalovirus infection: The 
macrophage as a permissive cell for cytomegalovirus infection, 
replication and latency. J. Gen. Virol. 44:349-359. 
Darai, G., and H. G. Koch. 1984. Tree shrew herpesvirus: Pathogenicity 
and latency. Pp. 91-102 ^  G. Wittmann, R. M. Gaskell, and 
H. J. Rziha, eds. Latent herpesvirus infections in veterinary 
medicine, Martinus Nijhoff Publishers, Hingham, MA. 
Drew, W. L., L. Mintz, R. Hoo, and T. N. Finley. 1979. Growth of 
herpes simplex and cytomegalovirus in cultured human alveolar 
macrophages. 
Gonzalez-Serva, A., and G. D. Hsiung. 1978. Expression of herpesvirus 
in adherent cells derived from bone marrow of latently infected 
guinea pigs. Am. J. Pathol. 91:483-496. 
Griffith, B. P., and G. D. Hsiung. 1979. Persistence and expression 
of herpesvirus in guinea pig B and T spleen cells. Proc. Soc. Exp. 
Biol. Med. 162:202-206. 
125 
Griffith, B. P., H. L. Lucia, F. J. Bia, and G. D. Hsiung. 1981. 
Cytomegalovirus-induced mononucleosis in guinea pigs. Infect. 
Immun. 32:857-863. 
Henry, G., Y. U. Chen, R. Stout, and S. L. Swain. 1980. Nylon wool 
adherence. Pp. 182-185 ^  B. B. Mishell and S. M. Shiigi eds. 
Selected methods in cellular immunology, W. H. Freeman and Co., 
San Francisco, CA. 
Hens on, D., A. J. Strano, M, Slotnik, and C. Goodheart. 1972. Mouse 
cytomegalovirus: Isolation from spleen and lymph nodes of chronically 
infected mice. Proc. Soc. Exp. Biol. Med. 140:802-806. 
Ho, M. 1982. Cytomegalovirus. Biology and Infection (1st edition). 
Plenum Medical Book Co., New York, NY. 
Hudson, J. B., L. Loh, V. Misra, B. Judd, and J. Suzuki. 1977. 
Multiple interactions between murine cytomegalovirus and lymphoid 
cells in vitro. J. Gen. Virol. 38:149-159. 
Jackson, S., T. M. Chused, J. M. Wilkinson, W. M. Leiserson, and 
T. J. Kindt. 1983. Differentiation antigens identify subpopulations 
of rabbit T and B lymphocytes. Definition by flow cytometry. 
J. Exp. Med. 157:34-46. 
Jordan, M. C., and V. L. Mar. 1982. Spontaneous activation of latent 
cytomegalovirus from murine spleen expiants. J. Clin. Inv. 70: 
762-768. 
Jordan, M. C., J. D. Shanley, and J. G. Stevens. 1977. Immunosuppression 
reactivates and disseminates latent murine cytomegalovirus. J. 
Gen. Virol. 37:419-423. 
Katzenstein, D, A., G, S. M. Yu, and M. C. Jordan. 1983. Lethal 
infection with murine cytomegalovirus after early viral replication 
in the spleen. J. Infect. Dis. 148:406-411. 
Ko ski, I. R., D. G. Poplach, and R. M. Blaese. 1976. A nonspecific 
esterase stain for the identification of monocytes and macrophages. 
Pp. 359-362 B, R. Bloom and J. R. David eds. In vitro methods 
in cell mediated and tumor immunity. Academic Press, New York. 
Lam, K. M., and G. D. Hsiung. 1973. Guinea pig herpes-like virus 
infections. II. Antibody response and virus persistence in mice 
and rabbits. Infect. Immun. 7:432-437. 
126 
Loh, L., and J. B. Hudson. 1979. Interaction of murine cytomegalo­
virus with separated populations of spleen cells. Infect. Immun. 
26:853-860. 
Ludwig, H. 1983. Bovine herpesviruses. Pp. 135-214 m B. Roizman, 
ed. The herpesviruses. Vol, 2. Plenum Press, New York. 
Luther, P. D., P. G. Bradley, and D. A. Haig. 1971. The isolation 
and characterization of a herpesvirus from calf kidney cell cultures. 
Res. Vet. Sci. 12:496-498. 
Mayo, D., J. A. Armstrong, and M. Ho. 1978. Activation of latent 
murine cytomegalovirus infection: Cocultivation, cell transfer, and 
the effect of immunosuppression. J. Infect. Dis. 138:870-896. 
Metzner, M. S. 1981. Peritoneal mononuclear phagocytes from small 
animals. Pp. 63-67 ^  D. 0. Adams, P. J. Edelson, and H. S. Koren 
eds. Methods for studying mononuclear phagocytes. Academic Press, 
New York. 
Mims, C. A. 1982. Role of persistence in viral pathogenesis. 
Pp. 1-13 B. W. J. Mahy, A. C. Minson, and G. K. Darby eds. 
Virus Persistence, Society for General Microbiology, Cambridge, UK. 
Mims, C. A., and J. Gould. 1978a. Splenic necrosis in mice infected 
with cytomegalovirus. J. Infect. Dis. 137:587-591. 
Mims, C. A., and J. Gould. 1978b. The role of macrophages in mice 
infected with murine cytomegalovirus. J. Gen. Virol. 41:143-153. 
Mogensen, S. C. 1979. Role of macrophages in natural resistance to 
virus infections. Microb. Rev. 43:1-26. 
Mohanty, S. B., R. C. Hammond, and M. G. Lillie. 1971. A new bovine 
herpesvirus and its effect on experimentally infected calves. 
Arch. Gesamte Virusforsch. 34:394-395. 
Morahan, D. G. 1980. Macrophage nomenclature: Where are we going? 
J. Reticuloendothel. Soc. 27:223-245. 
Nesburn, A. B. 1969. Isolation and characterization of a herpes-like 
virus from New Zealand albino rabbit kidney cell cultures: 
A probable reisolation of virus III of Rivers. J. Virol. 3:59-69. 
Olding, L. B., F, C. Jensen, and M. B. A. Oldstone. 1975. Pathogenesis 
of cytomegalovirus infection: I. Activation of virus from bone 
marrow-derived lymphocytes by in vitro allogenic reaction. J. Exp. 
Med. 141:561-572. 
127 
Osborn, J. E., and D, L. Walker. 1970. Virulence and attenuation of 
murine cytomegalovirus. Infect. Immun. 3:228-230. 
Osorio, F. A., and D. E. Reed. 1983. Experimental inoculation of 
cattle with bovine herpesvirus-4; Evidence for a lymphoid-associated 
persistent infection. Am. J. Vet. Res. 44:975-980. 
Osorio, F. A., D. E. Reed, and D. L. Rock. 1982. Experimental infection 
of rabbits with bovine herpesvirus-4: Acute and persistent infection. 
Vet. Microb. 7:503-513. 
Plaeger-Marshall, S., L. A. Wilson, and J. W. Smith. 1983. Alteration 
of rabbit alveolar and peritoneal macrophage function by Herpes 
Simplex Virus. Infect. Immun. 41:1376-1379. 
Roizman, B., L. E. Carmichael, F. Deinhardt, G. de-The, A. J. Nahmias, 
W. Plowright, F. Rapp, P. Sheldrick, M. Takahashi, and K. Wolf. 
1981. Herpasviridae: Definition, provisional nomenclature, and 
taxonomy. Intervirology 16:201-217. 
Rweyemamu, M. M., and K. Loretu. 1973. Isolation of "non-syncytia 
forming" herpesvirus from cattle in Tanzania. J. Comp. Pathol. 
83:377-386. 
Shanley, J. D., and E. L. Pesanti. 1980. Replication of murine 
cytomegalovirus in lung macrophages: Effect on phagocytosis of 
bacteria. Infect. Immun. 29:1152-1159. 
Shanley, J. D., and E. L. Pesanti. 1983. Murine peritoneal macrophages 
support murine cytomegalovirus replication. Infect. Immun. 41: 
1352-1359. 
Smith, P. C. 1977. The bovine herpesviruses: An overview. Proc. 
18th Ann. Mtg. U.S.A.H.A. (Nov. 7-12, 1976):149-458. 
Sogn, J. A., and S. Jackson. 1983. Long lived nonadherent rabbit 
macrophages obtained from spleen cell cultures. In vitro 19:90-98. 
Steinman, R. M., G. Kaplan, M. D. Witmer, and Z. A. Cohn. 1979. 
Identification of a novel cell type in peripheral lymphoid organs 
of mice. V. Purification of spleen dendritic cells, new surface 
markers, and maintenance in vitro. J. Exp. Med. 149:1-16. 
Storz, J., B. Ehlers, W. J. Todd, and H. Ludwig. 1984. Bovine 
cytomegaloviruses: Identification and differential properties. 
J. Gen. Virol. 65:697-706. 
Straub, 0. C. 1978. Bovine Herpesvirusinfektionen. German Democratic 
Republic. VEB Gustav Fischer Verlog, Jena. 
128 
Tegtmeyer, P. T., and J. E. Craighead. 1968. Infection of adult 
mouse macrophages in vitro with cytomegalovirus. Proc. Soc. Exptl. 
Biol. Med. 129:690-694. 
Tenser, R. B., and G. D. Hsiung. 1976. Comparison of guinea pig 
cytomegalovirus and guinea pig herpes-like virus: Pathogenesis 
and persistence in experimentally infected animals. Infect. Immun. 
13:934-940. 
Timonen, T. 1982-83. Isolation of human natural killer cells (large 
granular lymphocytes). Pp. 93-98 T. G. Pretlov, and T. P. Pretlov 
eds. Cell Separation: Methods and selected applications. Vol. 2, 
Academic Press, Inc. New York. 
Wise, T. G., J. E. Mamischewitz, G. V. Quinnan, G. S. Aulakh, and 
F. A. Ennis. 1979. Latent cytomegalovirus infection of BALB/c 
mouse spleens detected by an expiant culture technique. J. Gen. 
Virol. 44:551-556. 
World Health Organization (WHO) - Food and Agriculture Organization 
(FAO) of the United Nations. 1976. Consultation on the WHO/FAO 
programme on comparative virology, Budapest, 16-18 November. 
WHO, Geneve. 
129 
APPENDIX I. NON-SPECIFIC ESTERASE STAINING OF RABBIT SPLEEN CELLS 
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Fig. 1 Single spleen cell suspension of a rabbit. Esterase 
positive (intense red) mononuclear phagocytes appear 
surrounded by esterase negative lymphocytes (counter-
stained in green). The arrow indicates an esterase 
negative fibroblast-like cell (x 400) 
131 
Fig. 2 Non-T, non-B spleen cell fraction of a rabbit. Esterase 
positive cells with abundant 1.1 vim-polysterene beads in 
the cytoplasm (x 1000) 
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APPENDIX II. OPTIMIZATION OF THE DETECTION OF MOVAR 33/63 HERPESVIRUS 
BY IN SITU HYBRIDIZATION IN INFECTED CELL CULTURES 
132b 
INTRODUCTION 
In situ hybridization (syn; cytohybridization) is a method that 
allows detection of specific nucleic acids in fixed cells or tissue 
specimens. It is essentially a two-phase technique, because the 
sequences to be detected are fixed in the solid phase and the labelled 
probe (e.g., labelled with radionucleotides or biotin) is applied in 
the liquid phase. The main advantage of i^ , situ over other hybridization 
techniques is that cytohybridization allows detection of specific sequences 
in single cells, making it possible to identify the individual cell 
carrying specific viral genetic information in heterogenous cell popula­
tions. Other techniques (i.e., liquid hybridization. Southern or Northern 
blots) will only detect these sequences in bulk nucleic acid preparations 
of mixed populations of cells. 
We attempted to apply cytohybridization to the detection of specific 
sequences of DNA and mRNA of Movar 33/63 in tissues of experimentally 
infected rabbits. We followed the procedure described by Stroop et al. 
(1984) for herpes-simplex virus-1 detection in neural tissues. Our 
preliminary attempts were unsuccessful in identifying areas of tissues 
affected with virus (data not shown), One possible reason for this 
failure is a potential loss of virulence of the inoculated strain, as 
is discussed elsewhere (see Part II). It became apparent that in order 
to work with a system in which the frequency of infected cells is very 
low ( in the order of 1 infectious cell per 10^  as shown in Table 4 of 
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Part II) it is necessary to have a very sensitive detection system. 
To optimize the efficiency of the cytohybridization we carried out 
tests in Movar 33/63 infected cell cultures to compare different 
temperatures for the hybridization reaction. 
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METHODS 
Confluent monolayers of bovine lung cells in chamber slides 
(Lab-Tek, Miles Lab., Naperville, IL) were infected with Movar 33/63 
herpesvirus at a multiplicity of. infection of 0.05. Bovine lung 
cells in duplicate wells were used uninfected. After development of 
at least 50% cytopathic effect the slides were fixed in a solution of 
3:1 ethanol:glacial acetic acid for 20 min. at room temperature. 
The slides were dehydrated in graded ethanol solutions and stored at 
5°C in a dissecated atmosphere. 
To perform the ^  situ hybridization, the slides were allowed to 
warm at room temperature and were sequentially pretreated with 0.2 N HCl 
(20 min.), heat (70°C, 30 min. in 2 x SSC; 1 x SSC = 0.15 M NaCl, 
0.015 M Tri-sodium citrate pH 7.4) and Proteinase K (37°C, 15 min. ; 
1 microgr/ml in 10 mM Tris) as described (Brahic and Hasse, 1978; 
Stroop et al,; 1981). Slides probed for viral mRNA were dehydrated in 
graded ethanol solutions and stored desiccated at room temperature. 
Slides probed for viral DNA were rinsed in 2 x SSC and further treated 
with RNAase A (100 pgr/ml in 2 x SSC) for 30 min. at 37°C, refixed in 
5% paraformaldehyde (2 hours at room temperature), dehydrated in graded 
ethanol solutions and stored desiccated at room temperature. DNA within 
the infected cell cultures which were used for detection of viral DNA 
were denatured by heating at 65°C in deionized formamide in 0.1 x SSC 
for 15 min., quenched in ice cold 0.1 x SSC and dehydrated in graded 
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ethanol solutions prior to hybridization (Brahic and Hasse, 1978). 
Movar 33/63 DNA used in these experiments was extracted from extra-
3 
cellular virions (as described in Part I) and radiolabeled with H 
by nick translation as described by Fraser et al. (1981). Identical 
5 3 
aliquots of slides were hybridized with 1 ng ('^ '10 cpm) of H-labelled-
Movar 33/63 DNA per slice for 72 hours at 3 different temperatures; 
45°C, 37°C and 24°C. The hybridizations were carried out for 72 hours 
2 
in 2 X SSC, 45% formamide, 10% dextran sulfate, 10 M Tris pH 7.4, 
10 ^  M EDTA, 0.02% of bovine serum albumin, 0.02% polyvinil-pyrrolidone, 
0.02% Ficoll and 0.5 mg/ml of rabbit brain total nucleic acids. 
Following hybridization, slides were washed in 2 x SSC, 45% formamide, 
-2 -3 10 M Tris pH 7.4, 10 M EDTA for 3 days at room temperature. 
Following dehydration in graded ethanol solutions containing 0.3 M 
ammonium acetate, the slides were coated with Kodak NTB-2 emulsion, 
exposed for 1-3 weeks at 4°C, developed and stained with hemotoxylin 
and eosin (Brahic and Hasse, 1978). Backgrounds consisted of free, 
non-specific autoradiographic grains. A positive cell was considered 
to be one that exhibited grains too numerous to count in topographical 
relationship with specific areas of the cell (mainly the nucleus). 
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RESULTS AND CONCLUSIONS 
In Fig. 1 are shown the pictures of the infected and uninfected 
cell cultures at different hybridization temperatures. It became 
apparent that the frequency of cells with positive multigrain staining 
was higher at room temperature or 37°C than at 45°C. In all cases the 
background (as evaluated by non-specific, free grains that are not 
related to the underlying cell morphologies) was low in all of the 
3 different treatments. 
It is well-known that the optimum annealing reaction is generally 
performed at 25°C below the melting temperature (Tm) of the hybrid 
to be formed (Brahic and Haase, 1978) and that the Tm is lowered by 
the inclusion of formamide in the hybridization mixture. The Tm is 
directly related to the base composition of the nucleic acid (% GC 
ratio) and the lower the % GC the lower will be the Tm. It seems 
apparent from our comparison that Movar 33/63 possesses a lower % GC 
than IBRV or HSV-1, as the optimal temperature for maximal annealing 
of the Movar 33/63 probe was between 24°C and 37°C, with a considerably 
lower efficiency of annealing at 45°C (which is the optimal hybridization 
temperature for HSV-1 and IBRV). In order to minimize nucleic acid 
degradation, it is always desirable to use the lowest possible temperature 
that will allow maximal annealing without losing specificity of the 
reaction (i.e., higher background). For this reason, and according to 
our results, we conclude that the most sensitive cytohybridization for 
Movar 33/63 herpesvirus can be carried out at room temperature (24°C). 
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Fig. lA Detection of Movar 33/63 DNA by cytohybridization. 
The temperature of the reaction is indicated in each case. 
Pictures a, c, and e: cytohybridization on infected cells; 
pictures b, d, and f: cytohybridization on uninfected cells 
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e. 24°C f. 24°C 
Fig. IB Detection of Movar 33/63 specific mRNA by cytohybridization. 
The temperature of the raction is indicated in each case. 
Pictures a, c, and e: cytohybridization on infected cells; 
pictures b, d, and f: cytohybridization on uninfected cells 
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SUMMARY AND CONCLUSIONS 
This work involved investigation of the identity and biological 
properties of field isolates of herpesviruses recovered from cattle 
in the U.S. By restriction endonuclease analysis and indirect fluores­
cent antibody test, five major biotypes of bovine herpesviruses were 
distinguished. These types were: 1) infectious bovine rhinotracheitis 
virus (BHV-1); 2) bovine herpes mammillitis virus (BHV-2); 3) malignant 
catarrhal fever virus (MCFV) (Herpesvirus alcelaphinae); 4) the group 
of slow cytopathic effect isolates represented by the European prototype 
strain Movar 33/63 (bovine cytomegalovirus candidate); and 5) the 
syncytiogenic Pennsylvania 47 strain. BHV-1 and BHV-2 did not cross 
react serologically with any other type of bovine herpesvirus tested. 
Consistent serologic cross-reactivity was detected between MCFV and 
the Pennsylvania 47 strain. Further investigation will be necessary 
to find out the importance of this newly defined Pennsylvania 47-type 
of bovine herpesvirus in diseases of cattle. Special attention should 
be given to its potential role in the causation of the non-wildebeest-
associated (American form) malignant catarrhal fever, as it has been 
reported that the putative viral agent causing this disease is anti-
genically related to MCFV (Rossiter, 1983). Several slow cytopathic 
effect herpesvirus strains which were recovered from dissimilar 
clinical syndromes exhibited very similar cleavage patterns of their 
DNAs, confirming their identity as members of a single type with 
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cytomegalo-like properties. Studies on the pathogenesis of these 
viruses in experimental hosts were performed. The spleen was the 
target organ of the infection of rabbits with Movar 33/63 herpesvirus 
during both acute and persistent infection. Cell-free infectious 
virus was detected in spleen (and buffy coat) shortly after infection 
period (_> 7DPI). Beyond this brief acute replication period, co-
cultivation or explantation was required for the detection of viral 
infectivity. The use of several cell fractionation techniques allowed 
separation of B, T and non-T, non-B cell fractions. Infectivity during 
the acute and persistent phase of the infection was associated with 
the non-T, non-B population, which was highly enriched in adherent 
and non-adherent spleen mononuclear phagocytes. No virus was isolated 
from either T or B cells. Our data suggest that the bovine cyto­
megalo-like virus establishes an infection of the splenic macrophages, 
which can function as a continuous reservoir of the agent. However, 
the possibility of this virus infecting a non-phagocytic. non-T, non-B 
cell different from macrophage can not be ruled out yet. No evidence 
of histologic injury could be detected in any organ of the infected 
rabbits. It would be of interest to determine if the virulence can be 
increased by serial passage of the inoculum virus in animals. An 
increase in the organ involvement of Movar 33/63 infection would 
facilitate the detection of the virus by immunofluorescence, histology 
and in situ hybridization. Our results on cell culture infected cells 
indicate that the cytohybridization will be optimal when performed 
at room temperature. 
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It will be of interest to determine if the persistent infection 
of splenic macrophages (or some other accessory cell) by bovine 
cytomegalo-like virus has any effect on the immunoregulatory functions 
of these cells. In this respect, both in vivo (immunocompentency of 
of animals infected with cytomegalo-like virus) or ^  vitro assays 
of the immune response mediated by infected macrophages could be used. 
This certainly would contribute to the elucidation of the role of 
these herpesviruses in bovine disease. 
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